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VARIATION OF ANIMALS AND PLANTS 

UXDER DOMESTICATION. 



CHAPTER XIL 

INHERITANCE. 




The subject of inheritance is an immense one, and has been 
treated by many authors. One work alone, ‘De I’He're'dite 
NatureUe,’ by Dr. Prosper Lucas, runs to the length of 1562 
pages. We must confine ourselves to certain points which have 
an important bearing on the general subject of variation, both 
with domestic and natural productions. It is obvious that a 
variation which is not inherited throws no light on the derivation 
of species, nor is of any service to man, except in the case of 
perennial plants, which can be propagated by buds. 

n animals and plants had never been domesticated, and wild 
ones alone had been observed, we should probably never have 
heard the saying, that “Uke begets like.” The proposition 
would have been as self-evident, as that aU the buds on the same 
tree are alike, though neither proposition is strictly true. For, 
as has often been remarked, probably no two individuals are 

VOL. II. 



Danwin Online: By permission of the Trustees of the Natural History Museum (London) 



INHERITANCE. 



Chap. : 



identically the same. All wild animals recognise each other, 
which shows that there is some difference between them ; and when 
the eye is well practised, the shepherd knows each sheep, and 
man can distinguish a fellow-man out of millions on millions of 
other men. Some authors have gone so far as to maintain that 
the production of slight differences is as much a necessary func- 
tion of the powers of generation, as the production of offspring 
like their parents. This view, as we shall see in a future 
chapter, is not theoretically probable, though practically it holds 
good. The saying that “like begets like” has in f^t arisen 
from the perfect confidence felt by breeders, that a superior or 
inferior animal will generally reproduce its kind ; but this very 
superiority or inferiority shows that the individual in question 
has departed slightly from its type. 

The whole subject of inheritance is wonderful. When a new 
character arises, whatever its nature may be, it generally tends 
to be inherited, at least in a temporary and sometimes in a most 
persistent manner. What can be more wonderful than that 
some trifling peculiarity, not primordially attached to the species, 
should be transmitted through the male or female sexual cells, 
which are so minute as not to be visible to the naked eye, 
and afterwards through the incessant changes of a long course 
of development, undergone either in the womb or in the egg, 
and ultimately appear in the offspring when mature, or even 
when quite old, as in the case of certain diseases ? Or again, 
what can be more wonderful than the well-ascertained fact 
that the minute ovule of a good milking cow wiU produce a 
male, from whom a cell, in union with an ovule, will produce 
a female, and she, when mature, will have large mammary 
glands, yielding an abundant supply of milk, and even milk 
of a particular quality ? Nevertheless, the real subject of sm-- 
prise is, as Sir H. Holland has well remarked,' not that a 
character should be inherited, but that any should ever fail 
to be inherited. In a future chapter, devoted to an hypothesis 
which I have termed pangenesis, an attempt will be made to 
show the means by which characters of all kinds are trans- 
mitted from generation to generation. 

> ‘ Medical Notea and Reflections,' 3rd edit., 1853, p. 267. 
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Some writers,® who have not attended to natural history, have 
attempted to sliow tliat the force of inheritance has been much 
exaggerated. The breeders of animals would smile at such 
simplicit) , and if they condescended to make any answer, 
might ask what would be the chance of winning a prize if two 
inferior animals were paired together ? They might ask whether 
the half-wild Arabs were led by theoretical notions to keep 
pedigrees of their horses? Why have pedigrees been serupu- 
lously kept and published of the Shorthorn cattle, and more 
recently of the Hereford breed ? Is it an illusion that these 
recently improved animals safely transmit their excellent qua- 
lities even when crossed with other breeds? have the Short- 
horns, without good reason, been purchased at immense pricts 
and exported to almost every quarter of the globe, a thousand 
guineas having been given for a bull? With greyhounds 
pedigrees have likewise been kept, and the names of such 
dogs, as Snowball, Major, are as well known to coursers as 
those of Eclipse and Herod on the turf Even with the Game- 
cock pedigrees of famous strains were formerly kept, and ex- 
tended back for a century. With pigs, the Yorkshire and Cum- 
berland breeders “preserve and print pedigrees and to show 
how such highly-bred animals are valued, I may mention 
that Jlr. Brown, who won all the first prizes for small breeds at 
Birmingham in 1850, sold a young sow and boar of liis breed 
to Lord Ducie for 43 guineas ; the sow alone was afterwards 
sold to the Kev. E. Thursby for 65 guineas; who writes, 
“she paid me very well, having sold her produce for 3001., 
and having now four breeding sows from her.”® Hard cash 
paid down, over and over again, is an exceUcnt test of in- 
herited superiority. In fact, the whole art of breeding, from 
which such great results have been attained during the pre- 
sent century, depends on the inheritance of each small 



“ Mr. Bnckle, in his gr»nd work on 
‘ Civilisation,’ expresses doubts on the 
subject owing to the went of statistics. 
See also Mr. Bowen, Professor of Morel 
PhUosophy, in ’Proo. American Acad, 
of Sciences,' vol. v. p. 102. 

* For greyhounds, see Low's ‘ Domest. 



Animals of the British 
p. 721. For game-foi 
Poultry Book,’ by M 
18«6,p. 123. For pigs, s 



edit. of’Yountt on tiro 

11 , 22 . 



1 Islands,’ 1845, 
.wls, see ‘The 
Ir. Tegetmcier, 
see Mr. Sidney’s 
Pig,’ 1800, pp. 
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detail of structure. But inheritance is not certain ; for if it 
were, the breeder’s art* would be reduced to a certainty, and 
there would be little scope left for all that skill and perse- 
Terance shown by the men who have left an enduring monu- 
ment of their success in the present state of our domesticated 
animals. 

It is hardly possible, within a moderate compass, to impress 
on the mind of those who have not attended to the subject, the 
full conviction of the force of inheritance which is slowly acquired 
by rearing animals, by studying the many treatises which have 
been published on the various domestic animals, and by con- 
versing with breeders. I will select a few facts of the kind, 
which, as far as I can judge, have most influenced my own mind. 
With man and the domestic animals, certain pecuh'arities have 
appeared in an individual, at rare intervals, or only once or twice 
in the history of the world, but have reappeared in several of the 
children and grandchildren. Thus Lambert, “the porcupine- 
man,” whose skin was thickly covered with warty projections, 
which were periodically moulted, had all his six children and 
two grandsons similarly aflected.® The face and body being 
covered with long hair, accompanied by deficient teeth (to 
which I shall hereafter refer), occurred in three successive 
generations in a Siamese family ; but this case is not unique, 
as a woman* with a completely hairy face was exhibited in 
London in 1063, and another instance has recently occurred. 
Colonel Hallam ’ has described a race of two-legged pigs, “ the 
hinder extremities being entirely wanting and this deficiency 
was transmitted through throe generations. In fact, all races 
presenting any remarkable peculiarity, such as solid-hoofed swine, 
Mauchamp sheep, niata cattle, &c., are instances of the long- 
continued inheritance of rare deviations of structura 

When we reflect that certain extraordinary peculiarities have 



* ‘ The Stud Fann,’ by Cecil, p. 39. 

‘ ‘ Philosophical Transactions,’ 1755, 
p. 23. I have scon only second-hand 
accounts of the two grandsons. Mr. 
Sedgwick, in a paper to which I shall 
hereafter often refer, states that fowr 
generations were affected, and in each 



the males alone. 

* Barbara Van Beck, figured, as I am 
informed by the Rev. W. D. Fox, in 
Woodbum's ‘Gallery of Bare Portraits,’ 

1 ’ Ptoc. Zoolog. Soc.,’ 1833, p. 16. 
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thus appeared in a single individual out of many mOlions, all 
expraed in the same country to the same general conditions 
of life, and, again, that the same extraordinaiy peculiarity has 
sometimes appeared in individuals living under widely different 
conditiens of life, we are driven to conclude that such peculiar 
rities are not directly due to the action of the surrounding con- 
ditions, but to unknown laws acting on the organisation or 
constitution of the individual that their production stands in 
hardly closer relation to the conditions than does life itself. 
If this be so, and the occurrence of the same unusual character 
in the child and parent cannot be attributed to both having 
been exposed to the same unusual conditions, then the following 
problem is worth consideration, as showing that the result 
cannot be due, as some authors have supposed, to mere coin- 
cidence, but must be consequent on the members of the same 
family inheriting something in common in their constitution. 
Let it be assumed that, in a large population, a particular 
affection occurs on an average in ene out of a million, so 
that the a priori chance that an individual taken at random 
will be so affected is only one in a million. Let the popula- 
tion consist of sixty millions, composed, we will assume, of ten 
million families, each containing six members. On these data, 
I'rofessor Stokes has calculated for me that the odds will be no 
less than 8333 millions to 1 that in the ten million families 
there will not be even a single family in which one parent 
and two children will be affected by the peculiarity in ques- 
tion. But numerous cases could be given, in which several 
children have been affected by the same rare j)eculiarity with 
one of their parents ; and in this case, more especially if the 
grandchildren be included in Ihe calculation, the odds against 
mere coincidence become something prodigious, almost beyond 
enumeration. 

In some respects the evidence of inheritance is more striking 
when we consider the reappearance of trifling peculiarities. Dr. 
Hodgkin formerly told me of an English family in which, for many 
generations, some members had a single lock differently c6loured 
from the rest of the hair. I knew an Irish gentleman, who, 
on the right side of his head, had a small white lock in the 
midst of his dark hair: ho assured me that his grandmother had 
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a similar lock on the same side, and his mother on the opposite 
side. But it is superfluous to give instances; every shade 
of expression, which may often be seen alike in parents 
and children, tells the same story. On what a curious com- 
bination of corporeal structure, mental character, and training, 
must handwriting depend I yet every one must have noted the 
occasional close similarity of the handwriting in father and son, 
although the father had not taught his son. A great collector 
of franks assured me that in his collection there were several 
franks of father and son hardly distinguishable except by their 
dates. Hofacker, in Germany, remarks on the inheritance of hand- 
writing ; and it has even been asserted that English boys when 
taught to write in France naturally cling to their English manner 
of writing.® Gait, gestures, voice, and general bearing are all 
inherited, as the illustrious Hunter and Sir A. Carlisle have 
insisted.® My father communicated to me two or three striking 
instances, in one of which a man died during the early infancy 
of his son, and my father, who did not see this son until grown 
up and out of health, declared that it seemed to him as if his old 
friend had risen from the grave, with all his highly pecubar 
habits and manners. Peculiar manners pass into tricks, and 
several instances could be given of their inheritance ; as in the 
case, often quoted, of the father who generally slept on his back, 
with his right leg crossed over the left, and whose daughter, 
whilst an infant in the cradle, followed exactly the same habit, 
though an attempt was made to cure her.'® I will give one 
instance which has fallen under my own observation, and which 
is curious from being a trick associated with a peculiar state of 
mind, namely, pleasurable emotion. A boy had the singular 
habit, when pleased, of rapidly moVing his Angers parallel to each 
other, and, when much excited, of raising both hands, with 
the fingers still moving, to the sides of his face on a level with 
the eyes ; this boy, when almost an old man, could still hardly 
resist this trick when much pleased, but from its absurdity 
concealed it. He had eight children. Of these, a girl, when 

• Hofacker, ‘Uebor die Eigonscbaf- ‘ Mod. BeacatoUes,’ p. 530. Sir A. Car- 
ton,' &o., 1828, a 3t. Report by Pariact tialo. ‘ Phil. Tranaaot,' 1814, p. 94. 
in ‘ Comptca Bendas,' 1847, p. 592. >a Qj^ou de Buzaroi^ucs, * Do la 

» Hunter, as quoted in Harlan's Gcneiation,’ p. 282. 
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pleased, at the age of four and a half years, moved her fingers 
in exactly the same way, and what is still odder, when much 
excited, she raised both her hands, with her fingers still moving, 
to the sides of her face, in exactly the same manner as her 
father had done, and sometimes even still continued to do when 
alone. I never heard of any one excepting this one man and his 
little daughter who had this strange habit ; and certainly imita- 
tion was in this instance out of the question. 

Some writers have doubted whether those complex mental 
attributes, on which genius and talent depend, are inherited, 
even when both parents are thus endowed. But he who will 
read Mr. Galton’s able paper *'• on hereditary talent will have his 
doubts allayed. 

Unfortunately it matters not, as far as inlieritance is con- 
cerned, how injurious a quality or structure may be if compatible 
with life. No one can read the many treatises on hereditary 
disease and doubt this. The ancients were strongly of this 
opinion, or, ns Eanchin expresses it, Omneg Greed, Arabeg, et 
Latini in eo cangentiunt. A long catalogue could be given 
of all sorts of inherited malformations and of predisposition 
to various diseases. With gout, fifty per cent, of the cases 
observed in hospital practice are, according to Dr. Garrod, 
inherited, and a greater percentage in private practice. Every 
one knows how often insanity runs in families, and some of 
the cases given by Mr. Sedgwick are awful, — as of a surgeon, 
whose brother, father, and four paternal uncles were all insane, 
the latter dying by suicide ; of a Jew, whose father, mother, and 
six brothers and sisters were all mad ; and in some other cases 
several members of the same family, during three or four suc- 
cessive generations, have committed suicide. Striking instances 



* Macmillan's Magazine,’ July and 
August, 1865. 

The works which I have read and 
found most useful are Dr. Prosper Lu. 
cas's great work, ‘ Traits de I'Herddite 
Naturolle,’ 1847. Mr. W. Sedgwick, in 
‘ Bi’itish and Foreign Medioo-Chirurg. 
Eeview/ April and July, 1861, and 
April and July, 1863: Dr. Garrod on 
Gout is quoted in these articles. Sir 
Henry Holland, ‘Medical Notes and 
Rsflections,’ 3rd edit, 1855. Piorry, 



‘De I’H^^W dans les Maladies,' 1840. 
Adams, ‘A Philosophioul Treatiso on 
Hereditary Peculiarities,’ 2nd edit., 
1815. Essay on ‘Hereditary Diseases,’ 
by Dr. J. Steinan, 1843. See Paget in 
‘Medical Times,’ 1857, p. 192, on the 
Inheritance of Cancer; Dr. Gould, in 
‘ Proc. of American Acad, of Sciences,* 
Nov. 8, 1853, gives a curious case of 
hereditary bleeding in four genera- 
tions. Harlan, ‘Medical Researches,’ 
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have been recorded of epilepsy, consumption, asthma, stone 
in the bladder, cancer, profuse bleeding from the slightest in- 
juries, of the mother not giving milk, and of bad parturition 
being inherited. In this latter respect I may mention an odd 
case given by a good observer,” in which the fault lay in the 
offspring, and not in the mother: in a part of Yorkshire the 
farmers continued to select cattle with large hind-quarters, until 
they made a strain called “ Dutch-buttocked,” and “ the mon- 
strous size of the buttocks of the calf was frequently fatal to the 
cow, and numbers of cows were annually lost in calving.” 



Instead of giving nnmerons details on various inherited malformations 
and diseases, I will confine myself to one organ, that which is the most 
complex, delicate, and probably besHmown in the human frame, namely, 
the eye, with its accessory parts. To begin with the latter: I have heard 
of a family in which parents and children were affected by drooping eye- 
lids, in so peculiar a manner, that they could not see without tlu-owing 
their heads backwards ; and Sir A. Carlisle'* specifies a pendulous fold to 
the eyelids as inherited. " In a family,” says Sir H. Holland,” " where the 
father had a singular elongation of the upper eyelid, seven or eight cliildrcn 
were bom with the same deformity ; two or three other children having 
it not.” Many persons, as I hear from Mr. Paget, have two or tlu-oe of 
the hairs in their eyebrows (apparently corresponding with the vibriss® 
of the lower animals) much longer than the others ; and even so trifling 
a peculiarity as tliis certainly mns in families. 

With respect to the eye itself, the highest authority in England, Mr. 
Bowman, has been so kind as to give me the following remarks on certain 
inherited imperfections. First, hypermetropia, or morbidly long sight: in 
this affection, the organ, instead of being spherical, is too flat from front 
to bock, and is often altogether too small, so that the retina is brought 
too forward for the focus of the humours; consequently a convex glass 
is required for clear vision of near objects, and frequently even of distant 
ones. This state occurs congenitally, or at a very early age, often in 
several children of the same family, where one of the parents has presented 
it.” Secondly, myopia, or shor^sight, in which the eye is egg-shaped 
and too long from front to back; the retina in this case lies beliind the 
focus, and is therefore fitted to see distinctly only very near objects. Tliis 
condition is not commonly congenital, but comes on in youth, the liabiUty 
to it being weU known to be transmissible from parent to child. The 
clianpo from the spherical to the ovoidal shape seems the immediate con- 



's Morsliall, quoted by Touatt io his 

'* ‘Philosopb. Transact.,’ 1814, p. 
94.- 

'* ‘Medical Notes and Beflectious,' 



'• This affection, as I hear from 
Mr. Bowman, has boon ably described 
and spoken of as hereditary by Dr. 
Dondors, of Utrecht, wboeo work was 
published in English by the Sydcnbsia 
Society ia 1864. 
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scqnenoo of somotliing like inflammation of tho coata, imdor which they 
yield, and there is ground for believing that it may often originate in 
causes acting directly on the individual affected, and may thenceforward 
become transmissible. When both parents are myopic Mr. Bowman has 
observed tho hereditary tendency in this direction to be heightened, and 
some of the children to be myopic at an earlier ago or in a'highor degree 
than their parents. Thirdly, squinting is a familiar example of hereditary 
transmission ; it is frequently a result of such optical defects as have been 
above mentioned; but the more primary and uncomplicated forms of it 
are also sometimes in a marked degree transmitted in a family. Fourthly, 
t'ufaract, or opacity of the crystalline lens, is commonly observed in 
persons whose parents have been similarly affected, and often at an earlier 
age in the cliiliken than in the parents. Occasionally more than one child 
in a family is thus afflicted, one of whose parents or other relation presents 
the senile form of the complaint. When cataract affects several members of 
a family in tho same generation, it is often seen to commence at about tho 
same age in each ; c.y., in one family several infants or young persons may 
suffer from it ; in another, several persons of middle age. Mr. Bowman also 
informs me that ho has occasionally seen, in several members of the same 
family, various defects in either the right or left eye ; and Mr. White Cooper 
has often seen peculiarities of vision confined to one eye reappearing in 
tho same eye in the offepring." 

The following coses are taken from on able paper by Mr. W. Sedgwick, 
and from Dr. Prosper Lucas.“ Amaurosis, either congenital or coming on 
late in life, and causing total blindness, is often inherited ; it has been 
observed in three successive generations. Congenital absence of the iris has 
likewise been transmitted for three generations, a cleft-iris fur four gene- 
rations, being limited in this latter case to tho males of the family. Opacity 
of the cornea and congenital smallness of tho eyes have boon inherited. 
Portal records a curious case, in which a father and two sons were rendered 
blind, whenever the head was bent downwards, apparently owing to the 
crystalline lens, with its capsule, slipping through an unusually large pupil 
into the anterior cliamber of the eye. Day-blindness, or imperfect vision 
imdor a bright light, is inherited, as is night-blindness, or an incapacity to 
see except under a strong light : a case has been recorded, by M. Cunier, of 
this latter defect having affected oighty-flvo members of the same family 
during six generations. The singular incapacity of distinguishing colours, 
wliich has been called DuUmitm, is notoriously horeditaiy, and has been 
traced through five generations, in which it was confined to tho female 

With respect to the colour of tho iris : deficiency of colouring matter is 
well known to bo hereditary in albinocs. Tho iris of one eye being of 
a different colour from that of the other, and tho iris being spotted, are 
cases which have been inlierited. Mr. Sedgwick gives, in addition, on the 



u Quoted by Mr. Herbert Spencer, 
‘ Principles of Biology,’ vol. i. p. 244. 
u • British and Foreign Medioo- 



Chirurg. Review,' April, 1861, pp. 482- 
6; ‘I'Hered. Nut.,' tom. i. pp. 31)1-408. 
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authority of Dr. Oabome,“ the following curious instance of strong in- 
heritance; a family of sixteen sons and five daughters all had eyes 
"resembling in miniature the markings on the back of a tortoiseshell cat.” 
The mother of tliis large family had three sisters and a brother all sinularly 
marked, and they derived tins peculiarity from their mother, who hclonged 
to a iamily notorious for transmitting it to their posterity. 

Finally, Dr. Lucas emphatically remarks that there is not one single 
faculty of the eye which is not subject to anomalies ; and not one which is 
not subjected to the principle of inheritance. Mr. Bowman agrees with 
the general truth of this proposition; which of course does not imply that 
all malformations are necessarily inherited; this would not even follow 
if both pai-ents were affeeted by an anomaly whieh in most cases was 
transmissible. 



Even if no single fact had been known with respect to the 
inheritance of disease and malformations by man, the evidence 
would have been ample in the case of the horse. And this 
might have been expected, as horses breed much quicker than 
man, are matched with care, and are highly valued. I 
have consulted many works, and tlie unanimity of the belief by 
veterinaries of all nations in the transmission of various morbid 
tendencies is surprising. Authors, who have had wide experience, 
give in detail many singular cases, and assert that contracted 
feet, witli the numerous contingent evils, of ring-bones, curbs, 
splints, spavin, founder and weakness of the front legs, roaring 
or broken and thick wind, melanosis, specific ophthalmia, and 
blindness (the great French veterinary Huzard going so far 
as to say that a blind race could soon be formed), crib-biting, 
jibbing, and ill-temper, are all plainly hereditaiy. Youatt sums 
up by saying “ there is scarcely a malady to which the horse 
is subject which is not hereditary;” and M. Bernard adds that 
the doctrine “ that there is scarcely a disease which does not 
run in the stock, is gaining new advocates every day.” “ So it 



Dr. Oabome, Pres, of Royal College 
of Phys. in Ireland, published this case 
in the * Dublin Medical Journal * for 

** Those various statements are token 
from the following works and papers 
Youatt on ‘The Horse,’ pp. 35, 220. 
Lawrence, ‘The Horse,’ p. 30. Karkcek, 
in an excellent paper in * Card. Chro- 
nicle,’ 1853, p. 92. Mr. Burke, in 
’Journal of B. Agricul. Soc. of Eng- 



land,' vol. V. p. 511. ■Encyclop. of 
Iturol Sports,’ p. 279. Girott do Buro- 
reigmies, ‘ Philosopli. Phys.,’ p. 215. 
See Mlowing papers in ‘Tho Veteri- 
naty:’ Boberts, in vol. ii. p. 144; M. 
Marrimpoey, vol. ii. p. 387 ; Mr. Ka> 
keck, vol. IV. p. 5 ; Youatt on Goitre in 
Dogs, vol. V. p. 4SS; Youatt in vol. vi. 
pp. G6, 318, 412 ; ^ Bomard, voL xi. 
p. 539; Dr. Samcsroutlier, on Cattle, iu 
vol. xli. p. 181 : Pcrdvall, in voL xiii. 
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is iu regard to cattle, with consumption, good and bad teeth, 
fine skin, &c. &c. But enough, and more than enough, lias 
been said on disease. Andrew Knight, from his own experience, 
asserts that disease is hereditary with plants ; and this assertion 
is endorsed by Bindley 

Seeing how hereditary evil qualities are, it is fortunate that 
good health, vigour, and longevity are equally inherited. It 
was formerly a well-known practice, when annuities were pur- 
chased to be received during the lifetime of a nominee, to 
search out a person belonging to a family of which many 
members had lived to extreme old age. As to the inheritance 
of vigom- and endurance, the English race-horse offere an 
excellent instance. Eclipse begot 334, and King Herod 497 
winners. A “ cock-tail ” is a home not purely bred, but with 
only one-eighth or one-sixteenth impure blood in his veins, yet 
very few instances have ever occurred of such horses having won 
a great race. They are sometimes as fleet for short distances as 
thoroughbreds, but as Mr. Hobson, the great trainer, asserts, 
they are deficient in wind, and cannot keep up the pace. Mr. 
Lawrence also remarks, “ perhaps no instance has ever occurred 
of a threc-part-bred horse saving his ‘ distance ’ in running two 
miles with thoroughbred racers.” It has been stated by Cecil, 
that when unknown horses, whose parents were not celebrated, 
have unexpectedly won great races, as in the case of Priam, 
they can always be proved to be descended on both sides, through 
many generations, from first-rate ancestors. On the Continent, 
Baron Cameroon challenges, in a German veterinary periodical, 
the opponents of the English race-horse, to name one good 
horse on the Continent which has not some English race-blood 

With respect to the transmission of the many slight, but in- 
p. 47. With respect to blindnesa in 

ties in Dr. P. Lucas’s great work, tom. 
i. p. 899. Mr. Baker, in ’The Veteri- 
nary,’ Tol. xiii. p. 7'il, gives a strong 
case of hereditary imperfect vision and 
of jibbing. 

“ Knight on ‘ The Culture of the 
Apple and Pear,’ p. SI. Liudlcy’s 
‘Horticulture,’ p. 180. 



» These statements are taken from 
the following works iu order ;—Youatt 
on • ’The Horse,' p. 48 ; Mr. Darvill, in 
■ The Veterinary,’ vol. viii. p. 50. With 
respect to Robson, see * The Veterinary,’ 
vol. iii. p. 580 ; Mr. Lawrence on • Tho 
Horse,’ 1829, p. 9; ‘ Tho Stud Farm,’ 
by Cecil, 1851; Bimn Camcronn, 
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finitely diversified characters, by which the domestic races of 
animals and plants are distinguished, nothing need be said ; for 
the vetry existence of persistent races proclaims the power of 
inheritance. 

A few special cases, however, deserve some consideration. It 
might have been anticipated, that deviations from the law of 
symmetry would not have been inherited. But Anderson “ states 
that a rabbit produced in a litter a young animal having only 
one ear; and from this animal a breed was formed which 
steadily produced one-eared rabbits. He also mentions a bitch, 
with a single leg deficient, and she produced several puppies 
with the same deficiency. From Hofacker’s account” it appears 
that a one-honied stag was seen in 1781 in a forest in Germany, 
in 1788 two, and afterwards, from year to year, many were 
observed with only one horn on the right side of the head. 
A cow lost a horn by snppnration,” and she produced three 
calves which had on the same side of the head, instead of a 
horn, a small bony lump attached merely to the skin; but 
we here approach the doubtful subject of inherited mutilations. 
A man who is left-handed, and a shell in which the spire turns 
in the wrong direction, are departures from the normal though 
a symmetrical condition, and they are well known to be inherited. 

PdydactyJUm . — Supernumerary fingers and toes are eminently liable, as 
various authors have insisted, to transmission, but they are noticed here 
cliiefly on account of their occasional icgrowth after amputation. Poly- 
dactylism graduates” by multifarious steps from a mere cutaneous ap- 
pendage, not including any bone, to a double hand. But an additional 
digit, supported on a metacarpal bone, and furnished with all the proper 
muscles, nen-es, and vessels, is sometimes so perfect, that it escapes deteo- 
tion, unless the fingers are actually counted. Occasionally there are 
several supernumerary digits; but usually only one, making the total 
number six. This one may represent either a thumb or finger, being 
attached to the inner or outer margin of the hand. Generally, through 
the law of correlation, both hands and feet are similarly aSectod. I have 
tabulated the cases recorded in various works or privately communicated 



” ‘Recreations in Agriculture and 
Nat. Hist.,’ vol. i. p. 68. 

” ‘Ueber die Eigenschafleu,’ Ac, 
1828, 8. 107. 

” Bronn’s ‘Goscbichte der Natur,' 



” Vrolik has discnase<l this point at 
full length in a work published in Dutch, 
from which Mr. Paget has kindly trans- 
lated for mo passages. Set, also, Isidore 
Geoffroy St. Hilaire's - Hist, des Ano- 
malies,’ 1832, tom. i. |). 084. 
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to me, of forty-six persons with extra digits on one or both hands and 
feet; if in each ease all foiu- extremities had been similarly affected, the 
table would liave shown a total of ninety-two hands and ninety-two feet 
each with six digits. As it is, seventy-three hands and serenty-Sve feet 
were thns affected. This proves, in contradiction to the result arrived at 
by Dr. Struthers,® tliat the hands are not more frequently affected than 
the feet. 

The i)rescnoe of more than five digits is a great anomaly, for this num- 
ber is not normally exceeded by any mammal, bird, or existing reptile.® 
Nevertheless, supernumerary digits are strongly inherited; they have 
been transmitted through five generations; and in some cases, after 
disappearing for one, two, or even throe generations, have reappeared 
through reversion. These facts are rendered, os Professor Huxley has 
observed, more remarkable from its being known in most cases that 
the affected person had not married one similarly affected. In such cases 
the child of the fifth generation would have only l-32nd part of the blood 
of his first sedigitated ancestor. Other cases are rendered remarkable 
by the affection gathering force, as Dr. Struthers has shown, in each 
generation, though in each the affected iierson had married one not affected ; 
moreover such additional digits are often amputated soon after birth, and 
can seldom have been strengthened by use. Dr. Struthers gives the following 
instance ; in the first generation an additional digit appeared on one hand ; 
in the second, on both hands; in the third, three brothers had both hands, 
and one of the brothers a foot affected ; and in the fourth generation all 
four limbs were affected. Yet we must not over-estimate the force of 
inheritance. Dr. Struthers asserts that cases of non-inheritance and of the 
first appearance of additional digits in unaffected families are much more 
frequent than cases of inheritance. M any other deviations of structure, 
of a nature almost as anomalous as supernumerary digits, such as deficient 
phalanges, thickened joints, crooked fingers, &c., are in like manner strongly 
inherited, and are equally subject to intermission with reversion, though 
in such eases there is no reason to suppose that both parents had been 
similarly affected.® 



” ‘Edinburgh New Phil. Journal 
Jy, 1863. 

" Some great anatomists, as Cuvii 
id Meckel, believe that the tubcrel 
te of the hinder foot of tb 



from the tadpole, is dissceted, the par- 
tially ossified eartUage of this tubercle 



resembles under the microscope, in a 
remarkable manner, a digit. But the 
highest autliority on such subjects, 
Gegenbaur (Uiitensuchung sur vei^ 
gloich. anat. der Wirbclthicre : Carpus 
et Tarsus, 1864, s. 63). concludes that 



tills resemblance is not real, only super- 
ficial. 

^ For theso Beveral statements, $e« 
Dr. Struthers, in work cited, espe- 
cially on iiitermisiiions in the line of 
descent. Prof. Huxley, ‘Lectures on 
our Knowledge of Organic Nature/ 
18G3,p.97. With respect to inheritance, 
we Dr. Prosper Lucas, ‘ I/H^r«lite' Nat.,’ 
tom. i. p. 325. Isid. Gcoffroy, ‘Aiiom.,’ 
tom. i. p. 701. Sir A. Carlisle, in ‘ Phil. 
Transact.,' 1814, p. 94. A. Walker, on 
‘Intermarriage,’ 1838, p. 140, gives a 

Sedgwick, in ‘ Brit, and Fonign Medico- 
Chirurg. Beviow,' April, 18C3, p. 462. 
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Additional digits haye been observed in negroes as well as in other races 
of man, and in several of tho lower animals. Six toes have been described 
on the hind feet of the newt {SaUtmandm criatata), and, as it is said of 
the frog. It deserves notice from what follows, that tho six-toed newt 
though adult, had preserved some of its larval characters ; for part of the' 
hyoidal apparatus, which is properly absorbed during the act of meta - 
morphosis, was retained. In the dog, six toes on the hinder feet have been 
transmitted through three generations; and I have heard of a race of six- 
toed cots. In several breeds of the fowl the hinder toe is double, and is 
generally transmitted truly, as is weU shown when Dorkings are 'crossed 
with common four-toed breeds.® With animals which have properly 
less than five digits, the number is sometimes increased to five, especially 
in tho front legs, though rarely carried beyond that number; but this 
is due to the development of a digit already existing in a more or less 
rudimentary state. liras the dog has properly four toes behind, but in 
the larger breeds a fifth toe is commonly, though not perfectly, deve- 
loped. Horses, which properly have one toe alone fully developed with 
rudiments of the others, have been described with each foot bearing 
two or three small separate hoofe; analogous facts have been noticed with 
sheep, goats, and pigs.” 

Tho most interesting point with respect to supernumerary digits is their 
occasional regrowth after amputation. Mr. White ” describes a child, three 
years old, with a thumb double from the first joint He removed the lesser 
thumb, which was furnished with a nail; but to his astonishment it grew 
again, and reproduced a nail. The child was then taken to an eminent 
London surgeon, and the newly-grown thumb was wholly removed by its 
socket-joint, but again it grew and reproduced a nail. Dr. Stmthors men- 
tions a case of partial regrowth of an additional thumb, amputated when 
the child was three months old; and the late Dr. Falconer communicated 
to mo an analogous case which had fallen under his own observation. 
A gentleman, who first called my attention to this subject, has given 
me tho following facts which occurred in his own family. He himself, 
two brothers, and a sister were bom with an extra digit to each extremity. 
His parents were not affected, and there was no tradition in the femily, 
or in the village in which tlie family had long resided, of any member 
having been thus affected. Whilst a child, both additional toes, which 
were attached by bones, were radely cut off; but the stump of one grew 
again, and a second operation was performed in his thirty-third year. 



On the inheritance of other anomalies in 
the extremities, tee Dr. H. Dobell, in vol. 
xlvi. of ‘Medico-Chirnrg. Transactions,' 
ISfiS : also Mr. Sedgwick, in op. cit, 
April, 18G3, p. 460. With respect to 
additional digits in the negro, tee 
Prichard, ‘Physical History of Man- 
kind.’ Dr. Dieffenbach (‘ Journ. Boyal 
Geogtaph. Soc.,’ 1841, p. 208) says 
this anomaly is not nneomn^on witli tho 



Polynesians of the Chatham Islands, 

® ‘ The Poultry Chroniclci’ 1854, p. 
559. 

“ Tho statements in this paragraph 
are taken from Isidore Geoflroy St. 
Hilaire, ‘Hist, dcs Anomalies,’ tom. i. 
pp. 088-693. 

” -As quoted by Carpenter, ‘Princ. 
of Comp. Physiology,’ 1854, p. 480. 
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He has foOTten children, of whom three have inherited additional 
operated on by 

^ eminent surpom The additional finger, which was attached by bone 
'■“'ovcd at the joint; the woimd 
healed, but immediately the digit began growing; and in about three 
mopta tune the stump was removed for the second time by the root 
But It 1^ smce grown again, and is now fully a third of an inch in 
length, including a bone; so that it will for the third time have to bo 
operated on. 

Now the normal digits in adult man and other mammals, in birds, and. 
as I beheve, in true reptiles, have no power of regrowth. Tlio nearest 
approach to this power is exhibited by the occasional reappearance in man 
of unperfTCt nails on the stumps of his fingers after amputation.” But 
man m his embryonic condition has a considerable power of reproduc- 
tiom for Sir J. Simpson" has several times observed arms which had been 
cut off in the womb by bands of false membrane, and which had grown 
agam to a certain extent. In one instance, the extremity was “divided 
mto ttaee minute nodules, on two of which small points of nails could he 
detec^; that these nodules clearly represented fingers in process of 
repowth. When, however, wo descend to the lower vertebrate classes 
which are generally looked at as representing the higher classes in their 
embr^mc TOndihon, we find ample powers of regrowth. Spallanzani” 
cut off the lep and tail of a salamander six times, and Bonnet eight 
times, successively, and they were reproduced. An additional digit beyond 
tto propr number was ocpsionally formed after Bonnet had cut offer had 
ivipd longitudinally the hand or foot, and in one instance three additional 
cbgits wore thus formed.” Thew latter cases appear at first sight quite 



an^als; but theoretically, as we shall see in a future chapter, tlicy pro- 
tebly present no real difference. The larvm or tadpoles of the t^Uess 
Batr^hiims, but not the adults,” are capable of reproducing lost 
a ^ ^ by Mr. J. J. Briggs and Mr 

F. Buckland, when portions of the pectoral and tail fins of various fresh- 



” Mullor’i 

i.,1838,p.4L 

exhibited before the Bi 
at IIuU, in 1853. which had lost iU 
tarena, and this member, it was asserted, 
had been thrice reproduced : I presume 
it was lost each time by disease. 

"‘Monthly Journal of Medical 
Re,cr.c« i.dmburgh, 1848, new series. 



^‘“•^‘•,1781.pp.34 



” So with insects, the larvm re- 
produce lost limbs, but, except in one 
order, the mature insect has no such 
power. But tho Myriapoda, which ap- 
parently represent tho larvio of true in- 
sects. have, as Newport has shown, this 
power until their last moult. See an 
excellent discussion on this whole 
subject by Dr. Carpouler in his ■ Princ. 
Comp. Phys.,’ 1854, p. 479. 

” Dr. Giinther, in Owen’s ‘ Anatomy 
of Vertebrates.’ vol. i., 180G, p. 567. 
Spallanzani has made similar observa- 
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■water fish are cut off, they are perfectly reproduced in about six ■weeks’ 

From these several facts we may infer that supernumerary 
digits in man retain to a certain extent an embryonic condi- 
tion, and that they resemble in this respect the normal digits 
and limbs in the lower vertebrate classes. They also resemble 
the digits of some of the lower animals in the number exceeding 
five; for no mammal, bird, existing reptile, or amphibian (unless 
the tubercle on the liind feet of the toad and other tailless 
Batrachiaus be viewed as a digit) has more than five; whilst 
fishes sometimes have in their pectoral fins ns many as twenty 
metacarpal and phalangeal bones, which, together with the bony 
filaments, apparently represent our digits with their nails. So, 
again, in certain extinct reptiles, namely, the Ichthyopterygia, 
“ the digits may be seven, eight, or nine in number, a significant 
mark,” says Professor Owen, “ of piscine affinity.” “ 

We encounter much difficulty in attempting to reduce these 
various facts to any rule or law. The inconstant number of 
the additional digits — their irregular attachment to either the 
inner or outer margin of the hand — the gradation which can 
be traced from a mere loose rudiment of a single digit to a 
eompletely double hand — the occasional appearance of addi- 
tional digits in the salamander after a limb has been ampu- 
tated — these various facts appear to indicate mere fluctuating 
monstrosity; and this perhaps is all that caij be safely said. 
Kevertheless, as supernumerary digits in the higher animals, from 
their power of regrowth and from the number thus acquired 
exceeding five, partake of the nature of the digits in the lower 
vertebrate animals ; — as they occur by no means rarely, and are 
transmitted with remarkable strength, though perhaps not more 
strongly than some other anomalies ; — and as with animals 
which have fewer than five digits, when an additional one 
appears it is generally due to the development of a visible 
moment ; — we are led in all cases to suspect, that, although no 
actual rudiment can be detected, yet that a latent tendency to 
the formation of an additional digit exists in all mammals, in- 
cluding man. On this view, as we shall more plainly see in the 

* ‘ On the Anatomy of ■Vertobratea,’ 1866, p. 170 ; with respect to the pectoral 
fins of fishes, pp. 166-168. 
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next chapter when discussing latent tendencies, we should have 
to look at the whole case as one of reversion to an enormously 
remote, lowly-organised, and mnltidigitate progenitor. 



I may here allmle to a class of facts closely allied to, but 
somewhat different from, ordinary cases of inheritance. Sir H. 
Holland states that brothers and sisters of the same family 
are frequently affected, often at about the same age, by the 
same peculiar disease, not known to have previously occurred in 
the family. He specifies the occurrence of diabetes in three 
brothers under ten years old; he also remarks that children of 
the same family often exhibit in common infantile diseases the 
same peculiar symptoms. 3Iy father mentioned to me the ease 
of four brothers who died between the ages of sixty and seventy, 
in the same highly peculiar comatose state. An instance has 
already been given of supernumerary digits appearing in four 
children out of six in a previously unaffected family. Dr. 
Devay states " that two brothers married two sisters, their first- 
cousins, none of the four nor any relation being an albino; 
but the seven children produced from this double marriage were 
all perfect albinoes. Some of these cases, as Mr. Sedgwick" 
has shown, are probably the result of reversion to a remote 
ancestor, of wliom no record had been preserved ; and all these 
cases are so far directly connected nith inheritance that no doubt 
the children inherited a similar constitution from their parents, 
imd, from being exposed to nearly similar conditions of life, it 
is not surprising that they should be affected in the same manner 
and at the same period of life. 



Most of the facts hitherto given have served to illustrate the 
force of inheritance, but we must now consider cases, grouped as 
weU as the subject allows into classes, showing how feeble, caiwi- 
cjous, or deficient the power of inheritance sometimes is. When 
a new peculiarity first appears, wo can never predict whether it 
wiU be inherited. H both parents from their birth present 



" ‘Modioli Notes and RcHections,’ 
1839, pp. 24, 34. See, also. Dr. P. 
Lnw^ • I’Hered. Nat.,’ tom. ii. p. 33. 

“ ‘ Du Danger des Mariages Con- 



sanguins,’ 2nd edit., 1802, p. 103. 

« ‘British and Foreign Mcdico- 
Chirurg. Ueviow,' July, 1803, pp. 183, 
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the same peculiarity, the probability is strong that it will he 
transmitted to at least some of their offspring. We have seen 
that variegation is transmitted much more feebly by seed 
from a branch which had become variegated through bud- 
variation, than from plants which were variegated as seed- 
lings. With most plants the power of transmission notoriously 
depends on some innate capacity in the individual : thus Vil- 
morin*® raised from a peculiarly coloured balsam some seed- 
lings, which all resembled their parent; but of these seedlings 
some failed to transmit the new character, whilst others trans- 
mitted it to all their descendants during several successive gene- 
rations. So again with a variety of the rose, two plants alone 
out of six were found by Vilmorin to be capable of transmitting 
the desired character. 



The weeping or pendulous growth of trees is strongly inherited in some 
oases, and, without any assignable reason, feebly in other cases I have 
selected this character as an instance of capricious inheritance, because it 
is certainly not proper to the parent-spcoics, and because, both sexes 
being borne on the same tree, both tend to transmit the same character. 
Even supposing that there may have been in some instances crossing with 
adjoining trees of the same sjiocios, it is not probable that all the seed- 
lings would have been thus affected. At Moccas Ckiurt there is a famous 
weeping oak ; many of its branches " are 30 feet long, and no thicker in 
any part of this length than a common rope this tree transmits its weep- 
ing character, in a greater or less degree, to all its seedtings ; some of the 
young oaks being so flexible that they have to be supported by props; 
others not showing the weeping tendency till about twenty years old.” 
Mr. Hivers fertilized, as he informs me, the flowers of a now Uelgian 
weeping thorn ( Cratagia oxgacaiUha) with pollen from a crimson not-weeping 
variety, and tliee young trees, “ now six or seven years old, show a decided 
tendency to be pendulous, but as yet are not so much so as the mother- 
plant.” According to Mr. MacNab," seedlings fium a magnificent weeping 
birch {Betula alba), in the Botanic Garden at Edinburgh, grew for the first 
ton or fifteen years upright, but then all became weepers like their parent. 
A peach with pendulous branches, like those of the weeping willow, has 
been found capable of propagation by seed." Lastly, a weeping and almost 
prostrate yew {Taxut baccata) was found in a hedge in Shropshire; it was 
a male, but one branch bore female flowers, and produced bemes; these, 



" Verlot, ‘La Preduction des Varidtes,’ 
18G5, p. S2. 

" Loudon’s ‘Card. Mag.,’ voL lii., 
1836, p. 368. 



t, ‘ La Product, des Varidtds,’ 
[’a ‘Gcschichte der Natur. 
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Iwing sown, produced seventeen trees, aU of which had eitactly the some 
peenhar habit with the parent-treo.*' 

These facts, it might have been thought, would have been sufficient 
to render it probable that a pendulous habit would in aU cases be 
strictly inherited. But let us look to the other sida Mr. MacNab« 
sowed seeds of the weeping beech (A hy«< but succeeded in raising 

only com^n b^hes Mr. Rivers, at my request, raised a numbeT^ 
sec^gs from three distinct varieties of weeping elm; and at least one 
of the parent-tes was so situated that it could not have been crossed by 
any otter elm ; but none of the young trees, now about a foot or two in 
height, ttow the least signs of weeping. Mr. Rivers formerly sowed above 
twenty thousand seeds of the weeping ash {Fraxinm mceUior) and not a 
single seedlmg w^ in the least degree pendulous ; in Germany^ M. Borch- 
mey« raised a thouand seedlings, with the amo result. Neverthclea, 
Mr. Andean, of the Chelsea Botanic Garden, by awing seed from a weeping 
a.sh, wtech was found before the year 1780, in Cambridgesliire, raiad averal 
pendulous Professor Henslow also informs m^ral aSC] 

from a female weepmg ash in the Botanic Garden at Cambridge werTat 
&st a htUe but afterwards became quite upright ; it is probable 

that this latter tra, which transmits to a certain extent its pendulous 

stock, wl^t otter wapmg ashes may have had a distinct origin. But 
the crowning ^. communicated to mo by Mr. Rivers, which sLws how 
capricious is the inhentance of a pendulous habit, is that a variety of 
“Tow which was formerly pendulLs, 

“ TT TT sToot being 

Thus the waping ™riety of trZmlTalr^teh^^hTttn^t^^^^^^^^ 
propagated by buds during a long period, did not, with Mr. Rivers, 
transmit Its character to one seedling out of above twenty thousand 
whereas the waping variety of a second spaia of ash, which auld not, 
waping cliaracter, trans- 

mittod to its soodlmgs the pendulous habit in excess * 
is^orT“'?®°T howapparently capricious 

tern /ri a ^ety of tL Bar- 

lavc^ Tot oT^W “PP' ®ach (Fagu, .ylvotfro) Imd purple 
padas’witt veTow ft! Ti!; seedlings of a variety of the Cerasut 

the varietv of ’ '”f® PT" ““-twelfth of the seedlings of 

the tias raised bv yellow fruit, came true ;« and lastly, all 

the trees raised by my father from a yellow-berried holly (Jfcx ojajfwL.), 
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found wild, produced yellow berries. Vilmoriu“ obserred in a bed of 
Saponaria calairica an extremely dwarf variety, and raised from it a largo 
number of seedlings; some of these partially resembled their parent, and 
he selected their seed ; but the grandchildreu were not in the least dwarfed : 
on the other hand, he observed a stunted and bushy variety of Tagtln 
signata growing in the midst of the common varieties by which it was 
probably crossed ; for most of the seedlings raised from this plant were 
intermediate in character, only two jwrfectly resembling their parent ; but 
seed saved from these two plants reproduced the now variety so truly, 
that hardly any selection has since been necessary. 

Flowers transmit their colour truly, or most capriciously. Many an- 
nuals come true ; thus I purchased Gorman seeds of thirty-four named 
sub-varieties of one race of ten-week stocks (MatthMa annua), and raised 
a hundred and forty plants, all of which, with the exception of a single 
plant, came true. In saying this, however, it must be imderstood that I 
could distinguish only twenty kinds out of the thirty-four named sub- 
varieties ; nor did the colour of the flower always correspond with the 
name affixed to the pocket ; but I say that they came true, because in 
each of the thirty-six short rows every plant was absolutely alike, with the 
one single exception. Again, I procured packets of German seed of twenty- 
five named varieties of common and quilled asters, and raised a hundred 
and twenty-four plants; of these, all except ten were true in the above 
limited sense ; and I considered even a wrong shade of colour as false. 

It is a singular circumstance that white varietioe generally transmit their 
colour much more truly than any other variety. This fact probably stands 
in close relation with one observed by Vcrlot,“ namely, tliat flowers which 
are normally white rarely vary into any other colour. I have found that 
the white varieties of Delphinium coniolida and of the Stock are the truest. 
It is, indeed, sufficient to look through a nurseryman’s seed-Ust, to see the 
large number of white varieties which can bo propagated by seed. The 
several coloured varieties of the sweet-pea {Lathpriu aionUia) are very 
true; but I hear from Mr. Masters, of Canterbury, who has particularly 
attended to this plant, tliat the white variety is the truest. The hyacintt, 
when propagated by seed, is extremely inconstant in colour, but “white 
hyacinths almost always give by seed white-flowered plants;”" and Mr. 
Masters informs me that the yellow varieties also reproduce th^ 
but of different shades. On the other hand, pink and blue varieties, the 
latter being the natural colour, are not nearly so true ; hence, as Mr. Masters 
has remarked to mo, “ wo see that a garden variety may acquire a 
permanent habit than a natural species ; ” but it should have been Mdeo, 
that this occurs under cultivation, and therefore under changed condihous. 

With many flowers, especially perermials, nothing can bo more fluctuating 
than the colour of the seedlings, os is notoriously the case with 
carnations, dahlias, cinerarias, and others." I sowed seed of twe 



" Vcrlot, op. oit., p. S8. 

« Op. cit., p. 59. 

“ Alp. Do Candolle, ‘GcOgiaph 
Hot.,’ p. 1082. 



« See ‘Cotlogo Gardener, ApnllO. 
1800, p. 18, and Sept. 10, 1861, P- 
‘ Card. Chron.,’ 1845, p. 102. 
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named varieties of Snapdragon {Antirrhinum majus), and utter confusion 
was the result In most oases the extremely fluctuating colour of seedling 
plants is probably in chief part duo to crosses between difforontly-oolourod 
varieties during previous generations. It is almost certain that this is 
the case with the polyanthus and coloured primrose {Primula veris and 
vulgaris), from their reciprocally dimorpliio structure;" and these are 
plants which florists speak of as never coming true by seed ; but if care bo 
taken to prevent crossing, neither species is by any means very inconstant 
in colour; thus I raised twenty-three plants from a purple primrose, fe> 
tiliscd by Mr. J. Scott with its own pollen, and eighteen came up purple ot 
diflerent shades, and only five reverted to the ordinary yellow colour; 
again, I raised twenty plants from a bright-red cowslip, similarly treated 
by Mr. Scott, and every one perfectly resembled its parent in colour, as 
likewise did, with the exception of a single plant, 72 grandchildren. Even 
with the most variable flowers, it is probable that each delicate shade of 
coloOT might be permanently fixed so ns to be transmitted by seed, by cul- 
tivation in the same soil, by long-continued selection, and especially by the 
prevention of crosses. I infer this from certain annual larkspurs {Delphi- 
nium consdida and ajatis), of which common seedlings present a greater 
diversity of colour than any other plant known to me ; yet on procuring 
seed of five named German varieties of D. consdida, only nine plants out of 
ninety-four were false; and the seedlings of six varieties of D. ajacis were 
true in the same manner and degree as with the stocks above described A 
distinguished botanist maintains that the annual species of Delphinium are 
always self-fertilised; therefore I may mention that thirty-two flowers 
on a branch oil), consdida, enclosed in a net, yielded twenty-seyen capsules, 
with an ayerago of 17*2 seed in each; whilst fiye flowers, under the same 
not, which were artificially fertilised, in the same manner as must be 
eflFectcd by bees during their incessant yisite, yielded fiyo capsules with an 
average of 35*2 fine seed; and this shows that the agency of insects is 
necessary for the full fertility of this plant. Analogous facts could be 
given with respect to the crossing of many other flowers, such as carna- 
tions, &C-, of which the yarieties fluctuate much in colour. 

As with flowers, so with our domesticated animals, no character is more 
variable than colour, and probably in no animal more so than with the 
horse. Yet with a little care in breeding, it appears that races of any 
colow ^ght soon bo formed. Hofacker gives the result of matching two 
hundred and sixteen mares of four different colours with like-coloured 
stallion^ without regard to the colour of their ancestors; and of the two 
hundred and sixteen colts bom, eleven alone failed to inherit the colour of 
their i^ents: Autenrieth and Ammon assert that, after two generations, 



- — USOCX U Umi;, ttlier 

ts ot a umform colour are produced with certainty." 






e cases peculiarities fail to be inherited, apparently 
from the force of inheritance being too strong. I have been 
assured by breeders of the canary-bird that to get a good jonquil- 

“ Ib'rwin, in ‘ Journal of Proc, I, inn. Soc. Bot..’ 1862, p. 94. 

Hofacker, ‘ Ueber die Eigenachafleu,’ &c., 10. 
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coloured bird it does not answer to pair two jonquils, as the 
colour then comes out too strong, or is even brown. So again 
if two crested canaries are paired, the young birds rarely inherit 
this character for in crested birds a narrow space of bare skin 
is left on the back of the head, where the feathers are up-tumed 
to form the crest, and, when both parents are thus characterised, 
the bareness becomes excessive, and the crest itself fails to he 
developed. Mr. Hewitt, speaking of Laced Sebright Bantams, 
says “ that, “ why this should be so, I know not, but I am con- 
fident that those that are best laced frequently produce offspring 
very far from perfect in their markings, whilst those exhibited 
by myself, which have so often proved successful, were bred 
from the union of heavily-laced birds with those that were 
scarcely sufficiently laced.” 

It is a singular fact that, although several deaf-mutes often 
occur in the same family, and though their cousins and other 
relations are often in the same condition, yet their parents are 
very rarely deaf-mutes. To give a single instance: not one 
scholar out of 148, who were at the same time in the London 
Institution, was the child of parents similarly affiicted. So again, 
when a male or a female deaf-mute marries a sound person, their 
children are most rarely affected : in Ireland out of 203 children 
thus produced one alone was mute. Even when both parents 
have been deaf-mutes, as in the case of forty-one marriages in 
the United States and of six in Ireland, only two deaf and dumb 
children were produced. Mr. Sedgwick," in commenting on 
this remarkable and fortunate feilure in the power of trans- 
mission in the direct line, remarks that it may possibly be 
owing to “ excess having reversed the action of some natnral 
law in development.” But it is safer in the present state of our 
knowledge to look at the whole case as simply unintelligible. 



With respect to the inheritance of structures mutilated by 
injuries or altered by disease it is difficult to come to any 



Beohatein, ‘Natargesch. DeutsoR- 
landa,’ b. iv. a. 462. Mr. Brent, a great 
breeder of canaries^ informs me that 
he belioves that these statements are 

« ‘ The Poultiy Book,* by W. B. 



Review,- July, 1861, pp. 200-204. Mr. 
Sedgwick has given such AiU detads<» 
this subject, with ample references, «» 
I need refer to no other authorities. 
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definite conclusion. In some cases mutilations have been prac- 
tised for a vast number of generations without any inherited result. 
Godron has remarked*" that different races of man have from 
time immemorial knocked out their upper incisors, cut off joints 
of their fingers, made holes of immense size through the lobes of 
their ears or through their nostrils, made deep gashes in various 
parts of their bodies, and there is no reason whatever to suppose 
that these mutilations have ever been inherited. Adhesions 
due to inflammation and pits from the small-pox (and formerly 
many consecutive generations must have been thus pitted) 
are not inherited. With respect to Jews, I have been assured 
by three medical men of the Jewish faith that circumcision, 
which has been practised for so many ages, has produced no 
inherited effect ; Blumenbach, on the other hand, asserts *' that 
in Germany Jews are often bom in a condition rendering cir- 
cumcision difficult, so 'that a name is there applied to them 
signifying “ born circumcised.” The oak and other trees must 
have borne galls from primeval times, yet they do not pro- 
duce inherited excrescences ; many other such facts could be 
adduced. 

On the other hand, various cases have been recorded of cats, 
dogs, and horses, which have had their tails, legs, &c., amputated 
or injured, producing offspring with the same parts ill-formed ; 
but as it is not at all rare for similar malformations to appear 
spontaneously, all such cases may be due to mere coincidence. 
Nevertheless, Dr. Prosper Lucas has given, on good authorities, 
such a long list of inherited injuries, that it is difficult not to 
believe in them. Thus, a cow that had lost a horn from an 
accident with consequent suppuration, produced three calves 
which were hornless on the same side of the head. With the 
horse, there seems hardly a doubt that bony exostoses on the 
legs, caused by too much travelling on hard roails, are inherited. 
Blumenbach records the case of a man who had his little finger 
on the right hand almost cut off, and which in consequence 
grew crooked, and his sons had the same finger on the same 
hand similarly crooked. A soldier, fifteen years before his 
marriage, lost his left eye from purulent ophthalmia, and his 

•“ ‘ Do I’EspN-e,’ lorn, ii., 1859, p. 299. 

“ ‘PhUosoph. MaguAinc,’ vol. iv., 1799, p.f. 
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two 80118 were microphthalmic on the same side.“ In all 8uch 
case8, if truthfully reported, in which the parent has had an 
organ injured on one side, and more than one child has been 
bom with the same organ affected on the same side, the chances 
against mere coincidence are enormous. But perhaps the most 
remarkable and trustworthy fact is that given by Dr. Brown- 
Sequard,® namely, that many young guinea-pigs inherited an 
epileptic tendency from parents which had been subjected to 
a particular operation, inducing in the course of a few weeks 
a convulsive disease like epilepsy : and it should be especially 
noted that this eminent physiologist bred a large number of 
guinea-pigs from animals which had not been operated on, and 
not ono of these manifested the epileptic tendency. On the 
whole, we can hardly avoid admitting, that injuries and muti- 
lations, especially when followed by disease, or perhaps exclu- 
sively when thus followed, are occasionally inherited. 

Although many congenital monstrosities are inherited, of 
which examples have already been given, and to which may 
be added the lately recorded case of the transmission during 
a century of hare-Up with a cleft-palate in the writer’s own 
iamily," yet other malformations are rarely or never inherited. 
Of these latter cases, many are probably duo to injuries in the 
womb or egg, and would come under the head of non-inherited 
injuries or mutilations. With plants, a long catalogue of in- 
herited monstrosities of the most serious and diversified nature 
could easily be giVen ; and with plants, there is no reason 
to suppose that monstrosities are caused by direct injuries to 
the seed or embryo. 



Causes of Noro-mheritance. 

• A largo number of cases of non-inheritance are intelligible on 
the principle, that a strong tendency to inheritance does exist, but 



“ This last case is quoted by Mi. 
Sedgwick in * British and Foreign 
Mcdico-Chiruig. Review,' April, 1861, 

cited paper. See, also. Dr. P. Lucas, 
‘Traill! do I’Hdna. Nat.,’ tom. ii. p. 
492. Also ‘ Transact. Linn. Soc,’ vol. 



by Sir. Baker in ‘ The Veterinary,' voL 

given*in tiro ‘ Annales des Scienc. Nat.,' 
1st series, tom. li. p. 324. 

® ‘ Proe. Royal Soc.,’ vol. x. p. 
297. 

** Sir. Spronle, In ‘British Medical 
Journal,' April IS, 1863. 
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that it is overborne by hostile or tuifavourable conditions of life. 
No one would expect that our improved pigs, if forced during 
several generations to travel about and root in the ground for 
their own subsistence, would transmit, as truly as they now do, 
their tendency to fatten, and their short muzzles and legs. Dray- 
horses assuredly would not long transmit their great size and 
massive limbs, if compelled to live on a cold, damp mountainous 
region; we have indeed evidence of such deterioration in the 
horses which have run wild on the Falkland Islands. Em-opcan 
dogs in India often fail to transmit their true character. Our 
sheep in tropical countries lose their wool in a few generations. 
There seems also to be a close relation between certain peculiar 
pastures and the inheritance of an enlarged tail in fat-tailed sheep, 
which form one of the most ancient breeds in the world. With 
plants, we have seen that the American varieties of maize lose 
their proper character in the course of two or three generations, 
when cultivated in Europa Our cabbages, which here come so 
troe by seed, cannot form heads in hot countries. Under changed 
circumstances, periodical habits of life soon fail to be transmitted, 
as the j)eriod of maturity in summer and winter wheat, barley, 
and vetches. So it is with animals ; for instance, a person 
whose statement I can trust, procured eggs of Aylesbury ducks 
from that town, where they are kept in houses and are reared 
as early as possible for the London market ; the ducks bred from 
these eggs in a distant part of England, hatched their first brood 
on January 24th, whilst common ducks, kept in the same yard 
and treated in the same manner, did not hatch till the end of 
March; and this shows that the period of hatching was inlierited. 
But the grandchildren of these Aylesbury ducks completely 
lost their early habit of incubation, and hatched their eggs at 
the same time with the common ducks of the same place. 

Many cases of non-mheritance apparently result from the con- 
ditions of life continuaUy inducing fresh variability. We have 
seen that when the seeds of pears, plums, apples, &c., are sown, 
the seedlings generally inherit some degree of family likeness 
from the parent-variety. Mingled with these seedlings, a few, 
and sometimes many, worthless, wild-looking plants commonly 
appear; and their appearance may be attributed to the prin- 
ciple of reversion. But scarcely a single seedling will be found 
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perfectly to resemble the parent-form; and this, I believe 
may be accounted for by constantly recurring variability in! 
duced by the conditions of life. I believe in this, because it 
has been observed that certain fruit-trees truly propagate their 
kind whilst growing on their own roots, but when grafted on 
other stocks, and by this process their natural state is mani- 
festly affected, they produce seedlings which vary greatly, de- 
parting from the jiarontal type in many characters.® Metzger, 
as stated in the ninth chapter, found that certain kinds of wheat 
brought from Spain and cultivated in Germany, failed during 
many years to reproduce themselves truly; but that at last, 
when accustomed to their new conditions, they ceased to be 
variable, — that is, they became amenable to the power of in- 
heritance. Nearly all the plants which cannot be propagated 
with any approach to certainty by seed, are kinds’ which have 
long been propagated by buds, cuttings, offsets, tubers, &c., and 
have in consequence been frequently exposed during their indi- 
vidual lives to widely diversified conditions of life. Plants 
thus propagated become so variable, that they are subject, as 
we have seen in the last chapter, even to bud-variation. Our 
domesticated animals, on the other hand, are not exposed during 
their individual lives to such extremely diversified conditions, 
and are not liable to such extreme variability; therefore they do 
not lose the power of transmitting most of their characteristic 
features. In the foregoing remarks on non-inheritance, crossed 
breeds are of course e.xcluded, as their diversity mainly depends 
on the unequal development of characters derived from either 
parent, modified by the principles of reversion and prepotency. 

Cmclusim. 

It has, I think, been shown in the early part of this chapter 
how strongly new characters of the most diversified nature, 
whether normal or abnormal, injurious or beneficial, whether 
affecting organs of the highest or most trifling importance, 
are inherited. Contrary to the common opinion, it is often 
sufficient for the inheritance of some peculiar character, that one 
parent alone should possess it, as in most cases in which the rarer 
“ Downing, ‘ Fruits of America,’ p. 5 ; Sageret, ‘ Pom. Phya..’ pp. <3, 72. 
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anomalies Lave been transmitted. But the power of transmission 
is extremely variable: in a number of individuals descended 
from the same parents, and treated in the same manner, some 
display this power in a perfect manner, and in some it is 
quite deficient ; and for this difierence no reason can be assigned. 
In some cases the effects of injuries or mutilations apparently 
are inherited ; and we shall see in a future chapter that the 
effects of the long-continued use and disuse of parts are cer- 
tainly inherited. Even those characters which are considered 
the most fluctuating, such as colour, are with rare exceptions 
transmitted much more forcibly than is generally supposed. The 
wonder, indeed, in all cases is not that any character should 
be transmitted, but that the power of inheritance should ever 
fail. The checks to inheritance, as for as we know them, are, 
firstly, circumstances hostile to the particular character in ques- 
tion ; secondly, conditions of life incessantly inducing fresh 
variability ; and lastly, the crossing of distinct varieties during 

some previous generation, together with reversion or atavism 

that is, the tendency in the child to resemble its grand-parents 
or more remote ancestors instead of its immediate parents. 
This latter subject will be fully discussed in the following 
chapter. 
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CHAPTER XIII. 



INHERITANCE continued — REVERSION OR ATAVISM. 




The great principle of inheritance to be discussed in this 
chapter has been recognised by agriculturists and authors of 
various nations, as shown by tbe scientific term Atamm, derived 
from atavus, an ancestor ; by the English terms of Revertum, or 
Thrommg back; by the French Pag-en-arrih-e ; and by the 
German Ruck-tchlag, or Ruck-schritt. When the child resembles 
either grandparent more closely than its immediate parents, our 
attention is not much arrest^, though in truth the fact is 
highly remarkable ; but when the child resembles some remote 
ancestor, or some distant member in a collateral line, — and we 
must attribute the latter case to the descent of all the members 
from a common progenitor, — we feel a just degree of astonish- 
ment. When one parent alone displays some newly-acquired 
and generally inheritable character, and the offspring do not 
inherit it, the cause may lie in the other parent having the 
jxjwer of prepotent transmission. But when both parents are 
similarly eharacterised, and the child does not, whatever the cause 
may be, inherit the character in question, but resembles its grand- 
parents, we have one of the simplest cases of reversion. V\ e 
continually see another and even more simple case of atavism, 
though not generally included under this head, namely, "hen 



Darwin Online: By permission of the Trustees of the Natural History Museum (London) 



Chap. XIII. 



REVEESION. 



the son more closely resembles his maternal than liis paternal 
grandsire in some male attribute, as in any peculiarity in the 
beard of man, the horns of the bull, the hackles or comb of 
the cock, or, as in certain diseases necessarily confined to the 
male sex ; for the mother cannot possess or exhibit such male 
attributes, yet the child has inherited them, through her blood, 
from his maternal grandsire. 

The cases of reversion may be divided into two main classes, 
which, however, in some instances, blend into each other; 
namely, first, those occurring in a variety or race which has 
not been crossed, but has lost by variation some character 
that it formerly possessed, and which afterwards reappears. 
The second class includes all cases in which a distinguishable 
individual, sub-variety, race, or species, has at some former 
period been crossed with a distinct form, and a character derived 
from this cross, after having disappeared during oife or several 
generations, suddenly reappears. A third class, diflfering only 
in the manner of reproduction, might be formed to include 
all cases of reversion efifected by means of buds, and therefore 
independent of true or seminal generation. Perhaps even a 
fourth class might be instituted, to include reversions by seg- 
ments in the same individual flower or fruit, and in different 
parts of the body in the same individual animal as it grows old. 
But the two first main classes will be sufficient for our purpose. 

Jieversion to hit Characters by pure or uncrossed forms . — 
Striking instances of this first class of cases were given in the 
sixth chapter, namely, of the occasional reappearance, in variously- 
colom-ed pure breeds of the pigeon, of blue birds with all the 
marks wliich characterise the wild Columbia livia. Similar cases 
were given in the case of the fowl. With the common ass, as we 
now know that the legs of the wild progenitor are striped, we 
may feel assured that the occasional appearance of such stripes 
in the domestic animal is a case of simple reversion. But 1 
shall be compelled to refer again to these cases, and therefore 
will here jiass them over. 

The aboriginal species from which our domesticated cattle and 
sheep are descended, no doubt possessed horns ; but several horn- 
less breeds are now well established. Yet in these — for instance. 
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in Southdown sheep — “ it is not unusual to find among the male 
lambs some with small horns.” The horns, which thus occa- 
sionally reappear in other polled breeds, either “ grow to the 
full size,” or are curiously attached to the sldn alone and 
hang “loosely down, or drop ofif.”‘ The Galloways and Suffolk 
cattle have been hornless for the last 100 or 150 years, but a 
homed calf, with the hom often loosely attached, is occasionally 



There is reason to believe that sheep in their early domesti- 
cated condition were “brown or dingy black;” but even in 
the time of David certain flocks were spoken of as while as 
snow. During the classical period the sheep of Spain are de- 
scribed by several ancient authors as being black, red, or tawny.’ 
At the present day, notwithstanding the great care which is 
taken to prevent it, particoloured lambs and some entirely 
black are 6ccasionally dropped by our most highly improved 
and valued breeds, such as the Southdowns. Since the time of 
the famous Bakewell, during the last centiuy, the Leicester sheep 
have been bred with the most scrupulous care ; yet occasionally 
grey-faced, or black-spotted, or wholly black lambs appear.* This 
occurs still more frequently with the less improved breeds, such 
as the Norfolks.® As bearing on this tendency in sheep to revert 
to dark colours, I may state (though in doing so I trench on 
the reversion of crossed breeds, and likewise on the subject of 
prepotency) that the Eev. W. D. Fox was informed that seven 
white Southdown ewes were put to a so-called Spanish ram, 
which had two small black spots on his sides, and they produced 
thirteen lambs, aU perfectly black. Mr. Fox believes that this 
ram belonged to a breed which he has himself kept, and 
which is always spotted with black and white; and he finds 
that Leicester sheep crossed by rams of this breed always pro- 
duce black lambs: he has gone on recrossing these crossed 
sheep with pure white Leicesters during three successive gene- 



■ Youatt on Sheep, pp. 20, 234. The 
Bamo bet of loose horns occasionally 
appearing in hornless breeds has been 
ohserved in Germany : Bechstein, 

‘ Naturgesch. Dcutschlanda,' b. i. s. 362. 

» Youatt on Cattle, pp. 155, 174. 

’ Youatt on Sheep, 1838, pp. 17, 145. 



< I have been informed of thie 
through the Rev. W. D. Fox, w» 
excellent authority of Mr. Wilmot : 
also, remarks on this subject in W 
original article in the ‘ Quarterly 
Review,’ 1849, p. 395. 

* Youatt, pp. 19, 234. 
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rations, but always with the same result. Mr. Fox was also 
told by the friend from whom the spotted breed was procured, 
that he likewise had gone on for six or seven generations’ 
crossing with white sheep, but still black lambs were invariably 
produced. 

Similar facts could be given with respect to tailless breeds 
of various animals. For instance, Mr. Hewitt' states that 
chickens bred from some Eumpless fowls, which were reckoned 
so good that they won a prize at an exhibition, “ in a consider- 
able number of instances were furnished witli fully developed 
tail-feathers.” On inquiry, the original breeder of these fowls 
stated that, from the time when he had first kept them, they 
had often produced fowls furnished with tails ; but that these 
latter would again reproduce rumpless chickens. 

Analogous cases of reversion occur in the vegetable kingdom; 
thus “ from seeds gathered from the finest cultivated varieties of 
Heartsease (Viola tricolor), plants perfectly wild both in their 
foliage and their flowers are frequently produced ; but the 
revereion in this instance is not to a very ancient period, for the 
best existing varieties of the heartsease are of comparatively 
modem origin. With most of our cultivated vegetables there is 
some tendency to reversion to what is known to be, or may be 
presumed to be, their aboriginal state ; and this would be more 
evident if gardeners did not generally look over their beds of 
seedlings, and pull up the false plants or “ rogues ” as they are 
called. It has already been remarked, that some few seedlin<p 
apples and pears generally resemble, but apparently are not 
Identical with, the wild trees from which they are descended. 
In om turnip' and carrot-beds a few plants often “ break 
tliat i^flower too soon ; and their roots are generally found to 
be hard and stnngy, as in the parent-species. By the aid of a 
little selection, carried on during a few generations, most of our 
cultivated plants could probably be brought back, without any 
great change in their conditions of life, to a wild or nearly wild 
condition: Mr. Buckman has effected tliis with the pamnip;' 

7 f ’ I •’ ,r , assured mo that this m 

1 I^udon 8 Card. Mag. vol. x„ 1834, s . Gardener’s Chron 
p. 396 : a nurserj-mau, with much ex- . ibid., 1862, p. 721 



abject, has likewise 
1855, p. 7 Tt! 
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and Mr. Hewett C. Watson, as he informs me, selected, during 
three generations, “ the most diverging plants of Scotch kail, 
perhaps one of the least modified varieties of the cabbage; 
and in tbe third generation some of the plants came very close 
to the forms now established in England about old castle-walls, 
and called indigenous.” 

Eeomim m Animah and Plant) which have run wild.~ln 
the cases hitherto considered, the reverting animals and plants 
have not been exposed to any great or abrupt change in their 
conditions of life which could have induced this tendency; 
but it is very different with animals and plants which have 
become feral or run wild. It has been repeatedly asserted 
in the most positive manner by various authors, that feral 
animals and plants invariably return to their primitive specific 
type. It is curious on what little evidence this belief rests. 
Many of our domesticated animals could not subsist in a 
wild state ; thus, the more highly improved breeds of the 
pigeon will not “ field ” or search for their own food. Sheep 
have never become feral, and would be destroyed by almost every 
beast of prey. In several cases we do not know the aboriginal 
parent-species, and cannot possibly tell whether or not there has 
been any close degree of reversion. It is not known in any 
instance what variety was first turned out; several varieties 
have probably in some cases run wild, and their crossing alono 
would tend to obliterate their proper character. Our domesticated 
animals and plants, when they run >vild, must always be exposed 
to new conditions of life, for, as Mr. Wallace has well remarked, 
they have to obtain their own food, and are exposed to com- 
petition with the native productions. Under these circumstances, 
if our domesticated animals did not undergo change of some 
kind, the result would be quite opposed to the conclusions 
arrived at in this work. Nevertheless, I do not doubt that 
the simple fact of animals and plants becoming feral, does cause 
some tendency to reversion to the primitive state ; though this 
tendency has been much exaggerated by some authors. 

“ See some excellent remerks on this subject by Mr. Wallace, ‘ Journal F)n»- 
Linn. Soc.,' 18S8, vol. ill. p. 60. 
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I will briefly run througb the recorded cases. With neither horses nor 
cattle is the primitive stock known; and it has been shown in former 
chapters that they have assumed different colours in different countries. 
Thus the horses which have run wild in South America are generally 
brownish-bay, and in the East dun-coloured ; their heads have become larger 
and co^r, and this may be due to reversion. No careful description has 
bren given of the feral goat. Dogs which have run wild in various coun- 
tries have hardly anywhere assumed a uniform character; but they are 
probably descended from several domestic races, and aboriginally from 
several distinct species. Foral cats, both in Europe and La Plata, are 
regularly striped ; in some cases they have grown to an unusually large 
size, but do not differ from the domestic animal in any other character. 
When variously-coloured tame rabbits are turned out in Europe, they 
generally reacquire the colouring of the wild animal ; there can be no doubt 
that this does really occur, but we should remember that oddly-coloured and 
conspicuous animals would suffer much from beasts of prey and from being 
easily shot ; tliis at least was the opinion of a gentleman who tried to stock 
his woods with a nearly white variety; and when thus destroyed, they 
would in truth be supplanted by, instead of being transformed into, the 
common rabbit. Wo have seen that the feral rabbits of Jamaica, and 
especially of Porto Santo, have assumed new colours and other new cha- 
racters. The best known case of reversion, and that on which the widely- 
spread belief in its universality apparently rests, is that of pigs. These 
animals have run wild in the West Indies, South America, and the Falkland 
Inlands, and have everywhere acquired the dark colour, the thick bristles, 
and great tusks of the wild boar; and the young have reacquired longi- 
tudinal stripes. But even in the case of the pig, EouUn describes the 
half-wild animals in different parts of South America as differing in several 
respects. In Louisiana the pig” has run wild, and is said to differ a little 
in form, and much in colour, from the domestic animal, yet does not closely 
resemble the wild boar of Europe. With pigeons and fowls,” it is not 
known what variety was first turned out, nor what character the fetal 
birds have assumed. The guinea-fowl in the West Indies, when foral, 
SOOTS to vary more than in the domesticated state. 
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Buoculency and enlargement of certain parts,— characters which would be 
snroly lost by plants growing in a poor soil and struggling with other 
plants. No cultivated plant has run wild on so enormous a scale as the 
cardoon {Cynara cardunculut) in La Plata. Every botanist who has seen 
it growing there, in vast beds, as high as a horse’s back, has been struck 
with its peculiar appearance; but whether it differs in any important point 
from the cultivated Spanmh form, which is said not to be prickly like its 
American descendant, or whether it differs from the wild Mediterranean 
Bpedcs, which is said not to be social, I do not know. 

Reversion to Characters derived from a Cross, in the case if 
Sub-varieties, Races, and Species. — When an individual having 
some recognizable peculiarity unites with another of the same 
Bub-variety, not having the peculiarity in question, it often 
reappears in the descendants after an interval of several gene- 
rations. Every one must have noticed, or heard from old people 
of children closely resembling in appearance or mental to- 
position, or in so small and complex a character as expression, 
one of their grandparents, or some more distant collateral 
relation. Very many anomalies of structure and di8ease8,“ 
of which instances have been given in the last chapter, have 
come into a family from one parent, and have reappeared 
in the progeny after passing over two or three generations. 
The following case has been communicated to me on good 
authority, and may, I believe, be fuUy trusted : a pointc^bitch 
produced seven puppies ; four were marked with blue and 
white, which is so unusual a colour with pointers that she was 
thought to have played false with one of the greyhounds, and 
the whole litter was condemned ; but the gamekeeper was pe^ 
mitted to save one as a curiosity. Two years afterwards a friend 
of the owner saw the young dog, and declared that he was the 
image of his old pointer-bitch Sappho, the only blue and white 
pointer of pure descent which he had ever seen. This led to 
close inquiry, and it was proved that he was the great-great- 
grandson of Sappho ; so that, according to the common expres- 
sion, he had only l-16th of her blood in his veins. Here it can 
hardly be doubted that a character derived from a cross with 
an individual of the same variety reappeared after passing over 
three generations. 

“ Mr. Sedgwick gives many iostanoes in the ‘British and Foreign Mei- 
Ohirurg. Kuview,' April and July, 1863, pp. 448. 188, 
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When two distinct races are crossed, it is notorious that the 
tendency in the offspring to revert to one or both parent-forms 
is strong, and endures for many generations. I have myself 
seen the clearest evidence of this in crossed pigeons and with 
various plants. Mr. Sidney'* states that, in a litter of Essex 
pigs, two young ones appeared which were the image of the 
Berkshire boar that Lad been used twenty-eight years before in 
giving size and constitution to the breed. I observed in the 
farmyard at Betley Hall some fowls showing a strong likeness 
to the Malay breed, and was told by Mr. Toilet that he had 
forty years before crossed his birds with Malays; and that, 
though he had at first attempted to get rid of this'strain, he had 
subsequently given up the attempt in despair, as the Malay 
character would reappear. 

This strong tendency in crossed breeds to revert has given 
r^ to endless discussions in how many generations after a 
single cross, either with a distinct breed or merely witli an 
mferior ammal, the breed may be considered as pure, and free 
from all danger of reversion. No one supposes that less than 
three generations suffices, and most breeders think that six, 
l!Zi, °7 * a™ necessary, and some go to stiU greater 

len^hs. But neither in the case of a breed which has been 
contaminated by a single cross, nor when, in the attempt to form 
an intermediate breed, half-bred animals have been matched 
^ther durmg many generations, can any rule be laid down how 
^n the tendency to reversion wiU be obliterated. It depends 
in the *n the strength or prepotency of transmission 

r 0“ tteir actual amount of difference, 

these eLs ® “«st be careful not to confound 

hos“ r!n sained from a cross, with 

*mZ to originally 

annear- for h i°at at some former period, re- 

•E; ““ 
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The law of reversion is equally powerful with hybrids, when 
they are sufficiently fertile to breed together, or when they 
are repeatedly crossed with either pure parent-form, as with 
mongrels. It is not necessary to give instances, for in the 
case of plants almost every one who has worked on this subject 
from the time of Kolreuter to the present day has insisted on this 
tendency. Gartner has recorded some good instances ; but no 
one has given more striking cases than Naudin.'* The ten- 
dency differs in degree or strength in different groups, and 
partly depends, as we shall presently see, on the fact of the 
parent-plants having been long cultivated. Although the ten- 
dency to reversion is extremely general with nearly all mongrels 
and hybrids, it cannot be considered as invariably charac- 
teristic of them ; there is, also, reason to believe that it may 
be mastered by long-continued selection ; but these subjects 
will more properly be discussed in a future chapter on Crossing. 
From what we see of the power and scope of reversion, both in 
pure races and when varieties or species are crossed, we may 
infer that characters of almost every kind are capable of reap- 
pearance after having been lost for a great length of time. But 
it does not follow from this that in each particular case certain 
characters will reappear : for instance, this will not occur when a 
race is crossed with another endowed with prepotency of trans- 
mission. In some few cases the power of reversion wholly fails, 
without our being able to assign any cause for the failure : thus it 
has been stated that in a French family in which 85 out of above 
600 members, during six generations, had been subject to night- 
blindness, “ there has not been a single example of this affection 
in the children of parents who were themselves free from it.” " 

Beveriion through Bvd^apagaJtim — Partial Revertim, by teg- 
mettit in the game flower or fruit, or in different parts of the 

w Eli1rcQt«r giTea cases in his ‘ Dritto 
Fortsetzang/ 1760, s. 53^ 59 ; and in his 
well-known * Memoirs on Lavatera and 
Jalapa.’ Gartner, * Boatorderzeugung,’ 

8. 437, 441, &c. Naudin, in his 
‘Eecherches snr I’Hybriilit^, Nouvelles 
ArcUves du Museum,’ tom. i. p. 25. 

Quoted by Mr. Setlgwick in 
‘ Med.-Chirurg. Review,’ April, 1861. 



p. 485. Dr. H. Dobell, in ‘Med.- 
Chirnrg. TransnetioM,’ vol. llvi., 

fiunUy,'tagera with thickened joinU 
were transmitted to several membert 
during five generations; but when the 
blemish once disappeared it never re- 
appeared. 
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body in the same inMvidvud animal . — In the eleventh chapter, 
many cases of reversion by buds, independently of seminal 
generation, were given — as when a leaf-bud on a variegated, 
curled, or laciniated variety suddenly reassumes its proper 
character ; or as when a Provence-rose appears on a moss-rose, 
or a peach on a nectarine-tree. In some of these cases only 
half the flower or fruit, or a smaller segment, or mere stripes, 
reassumed their former character; and hero wo have with buds 
reversion by segments. Vilmorin” has also recorded several 
cases with plants derived from seed, of flowers reverting by 
stripes or blotches to their primitive colours : he states that in all 
such cases a white or pale-coloured variety must first be formed, 
and, when this is propagated for a length of time by seed, striped 
seedlings occasionally make their appearance; and these can 
afterwards by care he multiplied by seed. 

The stripes, and segments just referred to are not due, as far 
as is known, to reversion to characters derived from a cross, 
but to characters lost by variation. These cases, however, as 
Naudin“ insists in his discussion on disjunction of character, are 
closely analogous with those given in the eleventh chapter, in 
which crossed plants are known to have produced half-and-half 
or striped flowers and fruit, or distinct kinds of flowers on the 
same root resembling the two parent-forms. Many piebald 
animals probably come under this same head. Such cases, 
as we sliall see in the chapter on Crossing, apparently result 
from certain characters not readily blending together, and, as 
a consequence of this incapacity for fusion, the offspring either 
perfectly resemble one of their two parents, or resemble one 
parent in one part and the other parent in another part; 
or whilst young are intermediate in character, but with ad- 
vancing age revert wholly or by segments to either parent- 
form, or to both. Thus young trees of the Cytisuo adami are 
intermediate in foliage and flowers between the two parent- 
forms; but when older the buds continually revert either 
partially or wholly to both forms. The eases given in the 
eleventh chapter on the changes which occurred during growth 



» Vcriot, ‘ Dca Vari^aSs,’ 1865, p. 63. 
** ‘NoutoUcs Archives du Museum,' 
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in crossed plants of Tropteolnm, Cerens, Datura, and Lathvrus 
are aU analogous. As, however, these plants are hybrids of 
the first generation, and as their buds after a time come to 
resemble their parents and not their grandparents, these cases 
do not at first appear to come under the law of reversion in 
the ordinary sense of the word ; nevertheless, as the chan<»e is 
effected through a succession of bud-generations on the Lne 
plant, they may be thus included. 

Analogous facts have been observed in the animal kingdom, 
and are more remarkable, as they occur strictly in the same 
individual, and not as with plants through a succession of 
bud-generations. With animals the act of reversion, if it can 
be so designated, does not pass over a true generation, but 
merely over the early stages of growth in the same individual. 
For instance, I crossed several white hens with a black cock, and 
many of the chickens were during the first year perfectly white, 
but acquired during the second year black feathers; on the 
other hand, some of the chickens which were at first black 
became during the second year piebald with white. A great 
breeder** says, that a Pencilled Brahma hen which has any of 
the blood of the Light Brahma in her, will “ occasionally pro- 
duce a pullet well pencilled during the first year, but she will 
most likely moult brown on the shoulders and become quite 
unlike her original colours in the second year.” The same thing 
occurs with Light Brahmas if of impure blood. I have ebserved 
exactly similar cases with the crossed offspring from differently 
coloured pigeons. But here is a more remarkable fact: I 
crossed a turbit, which has a frill formed by the feathers being 
reversed on its breast, with a trumpeter ; and one of the young 
pigeons thus raised showed at first not a trace of the frill, but, 
after moulting thrice, a small yet unmistakably distinct frill 
appeared on its breast. According to Girou,® c^ves produced 
from a red cow by a black bull, or from a black cow by » 
red bull, are not rarely born red, and subsequently, become 
black. 

In the foregoing cases, the characters which appear with 
advancing age are the result of a cross in the previous or some 

” Mr. Teebay, in ‘ The Ponltry Book,’ by Mr. Tegctmcier,’ 1866, p. T2. 

** Quoted by Hofacker, ‘ Ueber die Eigcnachaflen,’ &c., 8, 98. 
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former generation; but in the following cases the characters 
which thus reappear formerly appertained to the species, and 
were lost at a more or less remote epoch. Thus, according 
to Azara,®* the calves of a hornless race of cattle which originated 
in Corrientes, though at first quite hornless, as they become 
aduH sometimes acquire small, crooked, and loose horns; and 
these in succeeding years occasionally become attached to the 
skull. White and black bantams, both of which generally breed 
true, sometimes assume as they grow old a saffron or red 
plumage. For instance, a first-rate black bantam has been 
described, which during three seasons was perfectly black, but 
then annually became more and more red ; and it deserves 
notice that this tendency to change, whenever it occurs in a 
bantam, “ is almost certain to prove hereditary.”* The cuckoo 
or blue-mottled Dorking cock, when old, is liable to acquire 
yellow or orange hackles in place of his proper bluish-grey 
hackles.* Now, as Gallus bankiva is coloured red and orange, 
and as Dorking fowls and both kinds of bantams are descended 
from this species, we can hardly doubt that the change which 
occasionally occurs in the plumage of these birds as their age 
advances, results from a tendency in the individual to revert to 
the primitive type. 

Croning a» a direct emu of Revergim . — It has long been 
notorious that hybrids and mongrels often revert to both or to one 
of their parent-forms, after an interval of from two to seven or 
eight, or according to some authorities even a greater number 
of generations. But that the act of crossing in itself gives an 
impulse towards reversion, as shown by the reappearance of 
long-lost characters, has never, I believe, been hitherto proved. 
The proof lies in certain peculiarities, which do not characterise 
the immediate parents, and therefore cannot have been derived 
from them, frequently appearing in the offspring of two breeds 
when crossed, which peculiarities never appear, or appear with 
extreme rarity, in these same, breeds, as long as they are pre- 

•• ‘ EasaU Hiat. Nat. du Paraguay,’ Poultry Book,’ bv Mr. Tegetmoier, 1866, 
tom. ii., 1801, p. 372. p. 248. 

» Theao facta are given on the liigh » ‘ The Poultry Book,’ by Tcgetmcier, 
auUwrity of Jlr. Hewitt, iu ‘The 1866, p. 97. 
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eluded from crossinfr. As this conclusion seems to me highly 
curious and novel, I will give the evidence in detail. 

My attention was first called to this subject, and I was led to make 
numerous experiments, by MM. Boitard and CorbK having stated that 
when they crossed certain breeds, pigeons coloured like the wild 0 livia 
or the common dovecot, namely, slaty-blue, with double black wing-bars’ 
sometimes chequered with black, white loins, the tail barred with black’ 
with the outer feathers edged with white, were almost invariably produced! 
The breeds which I crossed, and the remarkable results attained, have 
been fully described in the sixth chapter. I selected pigeons, belonging 
to true and ancient broods, which had not a trace of blue or any of the 
above specified marks; but when crossed, and their mongrels recrossed, 
young birds were continuaUy produced, more or less plainly coloured slaty- 
blue, with some or all of the proper characteristic marks. I may recall 
to the reader’s memory one case, namely, that of a pigeon, hardly dis- 
tinguishable from the wild Shetland species, the grandchild of a rod-spot, 
white fantail, and two black barbs, from any of which, when purely-bred, 
the production of a pigeon coloured like the wild C. Uvia would have been 
almost a prodigy. 

I was thus led to make the experiments, recorded in the seventh 
chapter, on fowls. I selected long-established, pure breeds, in which there 
was not a trace oj red, jet in several of the mongrels feathers of this 
colour appeared; and one magnificent bird, the ofispring of a black 
Spanish cock and white Silk hen, was coloured almost exactly Uko the 
wild Oallus bankim. All who know anything of the breeding of poultry 
will admit that tens of thousands of pure Spanish and of pure white Silk 
fowls might have been reared without the appearance of a red feather. 
The fact, given on the authority of Mr. Tegetmeier, of the frequent 
appearance, in mongrel fowls, of pencilled or transversely-barred feathers, 
like those common to many gallinaceous birds, is likewise apparently t 
case of reversion to a character formerly posses^ by some ancient pro- 
genitor of the family. I owe to the kindness of this same excellent 
observer the inspection of some neck-hackles and tail-feathers from s 
hybrid between the common fowl and a very distinct species, the OaSia 
mriut; and these feathers are transversely striped in a conspicuous 
manner with dark metallic blue and grey, a character which could not 
have been derived from either immediate parent. 

I have been informed by Mr. B. P. Brent, that he crossed a white 
Aylesbury drake and a black so-called Labrador duck, both of which 
are true breeds, and he obtained a young drake closely like the mallard 
(A. Jxacheu). Of the musk-duck (A. moschata, Linn.) there are two sub- 
breeds, namely, white and slate-coloured; and these I am informed breed 
true, or nearly true. But the Kev. \V. D. Fox noils mo that, by putting 
a white drake to a slate-coloured duck, black birds, pied with white, like 
the wild musk-duck, were always produced. 

Wo have seen in the fourth chapter, that the so-called Himalayan 
rabbit, with its snow-white body, black ears, nose, tail, and feet, breeds 
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perfectly true. This race is known to have been formed by the nnion of 
two varieties of silver-grey rabbits. Now, when a Himalayan doe was 
crossed by a sandy-coloured buck, a ailvor-grey rabbit was produced; 
and this is evidently a case of reversion to one of the parent varieties. The 
young of the Himalayan rabbit are bom snow-white, and the dark marks 
do not appear until some time subsequently; but occasionally young 
Himalayan rabbits are bom of a light silver-grey, which colour soon dis- 
appears; so that here we have a trace of reversion, daring an early period 
of life, to the parent-varieties, independently of any recent cross. 

In the third chapter it was shown that at an ancient period some breeds 
of cattle in the wilder parts of Britain were white with dark ears, and that 
the cattle now kept half wild in certain parks, and those which have run 
quite wild in two distant parte of the world, are likewise thus coloured. 
Now, an experienced breeder, Mr. J. Beasley, of Northamptonshire,” 
crossed some carefully selected West Highland cows with purely-bred 
shorthorn bulls. The bulls were red, red and white, or dark roan ; and the 
Highland cows were all of a red colour, inclining to a light or yellow shade. 
But a considerable number of the oSspring— and Mr. Beasley calls atten- 
tion to this as a remarkable fact — were white, or white with red ears. 
Bearing in mind that none of the parents were white, and that they 
were purely-bred animals, it is highly probable that here the oflspring 
reverted, in consequence of the cross, to the colour either of the aboriginal 
parentespooios or of some ancient and half-wild parent-breed. The 
following case, perhaps, comes under the same head : cows in their natural 
state have their udders but little developed, and do not yield nearly so 
much milk as our domesticated animals. Now there is some reason to 
believe* that cross-bred animals between two kinds, both of which are 
good milkers, such as Aldomeys and Shorthorns, often turn out worthless 
in this respeet. 

In the chapter on the Horse reasons wore assigned for believing that 
the primitive stock was striped and dun-coloured; and details were given, 
showing that in all parts of the world stripes of a dark colour frequently 
appear along the spine, across the legs, and on the shoulders, where they 
are occasionally double or treble, and oven sometimes on the face and 
body of horses of all breeds and of aU colours. But the stripes appear 
most frequently on the various kinds of duns. They may sometimes 
plainly be seen on fools, and subsequently disappear. The dun-colour 
and the stri^ are strongly transmitted when a horse thus characterised 
is crossed with any other; but I was not able to prove that striped duns 
arc generally produced from the crossing of two distinct breeds, neither of 
which are duns, though this does sometimes occur. 

Tlie legs of the ass are often striped, and this may bo considered as a 
revcraion to the wild parent-form, the Asinu$ taniopus of Abyssinio,* which 
IS thus striped. In the domostio animal the stripes on the shoulder are 
occasionally double, or forked at the extremity, as in certain zebrine 



” ‘Gardener’s Chron. and Agrienltural Gazette,' 1866, p. 528. 

Ibid., 1860, p. 813. » Sclater, in ‘ Free. Zoolog. Soo.,’ 1862, p. 163. 
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speciee. l^cre is reason to feelioTO that the foal is frequently more 
plainly striped on the legs than the adult animat. As ■with the horse 
I haTe not acquired auy distinct eridence that the crossing of differentlv- 
coloured varieties of the ass brings out the stripes. 

But now let us turn to the result of crossing the horse and ass. Although 
mules are not nearly so numerous in England as asses, I have scon a much 
greater number with striped legs, and with the stripes far more conspicuous 
than in either parent-form. Such mules are generally light-coloured, 
and might bo called fallow-duns. The shoulder-stripe in one instance 
was deeply forked at the extremity, and in another instance was double, 
though united in the middle. Mr. Martin gives a figure of a Spanish 
mule with strong zebra-like marks on its legs,*” and remarks, that mules 
are particularly liable to be thus striped on their legs. In South America, 
according to Eoulin,” such stripes are more frequent and conspicuous in 
the mule than in the ass. In the United States, Mr. Gosse,” speaking of 
these animals, says, “ that in a groat number, perhaps in nine out of every 
ton, the legs are banded with transverse dark stripes.” 

Many years ago I saw in the Zoological Gardens a curious triple hybrid, 
&om a bey mare, by a hybrid from a male ass and female zebra. This 
animal when old had h^ly any stripoa; but I was assured by the 
superintendent, that when young it had shoulder-stripes, and faint stripes 
on its flanks and legs. I mention this case more especially os an instance 
of the stripes being much plainer during youth than in old age. 

As the zebra has such conspicuously striped legs, it might have been 
expected that the hybrids from this animal and the common ass would 
have had their legs in some degree striped ; but it appears from the 
figures given in Dr. Gray’s ‘ Knowsloy Gleanings,’ and still more plainly 
fiom that given by Geoffrey and F. Cuvier,** that the legs are much 
more conspicuously striped than the rest of the body; and this fact is 
intelligible only on the belief that the ass aids in giving, through the 
power of reversion, this character to its hybrid ofepring. 

The quagga is banded over the whole front part of its body like a zebra, 
but has no stripes on its logs, or mere traces of them. But in the famous 
hybrid bred by Lord Morton,** from a ohesnut, nearly pmely-bred, Arabian 
mare, by a male quagga, the stripes were " more strongly defined and 
darker than those on the legs of the quagga.” The mare was subse- 
quently put to a black Arabian horse, and bore two colts, both of which, 
as formerly stated, were plainly striped on the legs, and one of them 
likewise had stripes onihe neck and body. 

The Asinut is characterised by a spinal stripe, without shoulder 



*» ‘ History of the Horse,’ p. 212. 

•* ‘ Mem. pi^sent^ par divers Savans 
h I’Acad. Eoyale,’ tom. vi. 18S5, p. 
338. 

” ‘ Letters from Alabama,' 1859, p. 
280. 

** ‘ Hist. Nat. des Mammifhres,' 1820, 



•* ‘Philoaoph. Transact.,’ 1821, p.M. 

“ Sclater, in ‘Proc. Zoolog. Sec.,’ 
1802, p. 163 : this species is the Gh<*- 
Khur of N.W. India, and has often 
been caUed the Hcroionus of Pall» 
See, also, Mr. Blyth's cxceUent paperm 



‘Journ. of A< 
xxviU., 1860, p. 229. 
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or log stripcB; but traces of these latter stripes may occasionally be seen 
even in the adult;” and Colonel 8. Foole, who has had ample oppor- 
tunities for observation, informs me that in the foal, when first bom, the 
head and legs are often striped, but the shoulder-stripe is not so distinct 
as in the domestic ass; all these stripes, excepting that along the spine, 
soon disappear. Now a hybrid, raised at Knowsley” from a female of 
this species by a male domestic ass, had all four legs transversely and con- 
spicuously striped, had three short stripes on each shoulder, and had 
even some zebra-like stripes on its face ! Sr. Gray informs me that he 
has seen a second hybrid of the same parentage similarly striped. 

From these facts we see that the crossing of the several equine 
species tends in a marked manner to cause stripes to appear 
on various parts of the body, especially on the legs. As we do 
not know whether the primordial parent of the genus was 
striped, the appearance of the stripes can only hypothetically 
be attributed to reversion. But most persons, after considering 
the many undoubted cases of variously coloured marks re- 
appearing by reversion in crossed pigeons, fowls, ducks, &c., will 
come to the same conclusion with respect to the horse-genus; 
and in this case we must admit that the progenitor of the group 
was striped on the legs, shoulders, face, and probably over the 
whole body, like a zebra. If we reject this view, the frequent 
and almost regular appearance of stripes in the several fore- 
going hybrids is left without any explanation. 



It would appear that with crossed animals a similar tendency 
to the recovery of lost characters holds good even with instincts. 
There are some breeds of fowls which are called ‘‘ everlasting 
layers,” because they have lost the instinct of incubation ; and 
so rare is it for them to incubate tliat I have seen notices pub- 
lished in works on poultry, when hens of such breeds have 
taken to sit.®* Yet the aboriginal species was of course a good 
incubator; for with birds in a state of nature hardly any 



” Another Bpeeica of wUd ass, the 
true A. hemimui or Kiang, which 
ordinarily has no shonldor stripos, ia 
aaid oocaaionally to Jhavo them; and 

aometimes double: Mr. Blyth, in 

the paper just quoted, and in 'Indian 
Sporting Keview,’ 1856, p. 320 j and 



Figured in the' Gleanings iVomtho 
KnowaleyMen^ericSj’byDr.J.E.Gray. . 

» Caaes of botli Spanish and Polish 
hens sitting are given in tho ' Poultry 
Cbronicle,’ 1855, vol. iii. p. 477. 
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instinct is so strong as this. Now, so many cases have been 
recorded of the crossed offspring from two races, neither of 
which are incubators, becoming first-rate sitters, that the re- 
appearance of this instinct must be attributed to reversion from 
crossing. One author goes so far as to say, “ that a cross 
between two non-sitting varieties almost invariably produces a 
mongrel that becomes broody, and siu with remarkable steadi- 
ness.”*’ Another author, after giving a striking example, 
remarks that the fact can be explained only on the principle 
that “two negatives make a positive.” It cannot, however, be 
maintained that hens produced from a cross between two non- 
sitting breeds invariably recover their lost instinct, any more 
than that crossed fowls or pigeons invariably recover the red or 
blue plumage of their prototypes. I raised several chickens 
from a Polish hen by a Spanish cock,— breeds which do not 
incubate,— and none of the young hens at first recovered their 
instinct, and this appeared to afford a well-marked exception to 
the foregoing rule ; but one of these hens, the only one which 
was preserved, in the third year sat well on her eggs and reared 
a brood of chickens. So that here we have the appearance 
with advancing age of a primitive instinct, in the same manner 
as we have seen that the red plumage of the Qallm bankiva 
is sometimes reacquired by crossed and purely-bred fowls of 
various kinds as they grow old. 

The parents of all our domesticated animals were of course 
aboriginally wild in disposition ; and when a domesticated 
species is crossed with a distinct species, whether this is a 
domesticated or only tamed animal, the hybrids are often wild 



” ‘ The Poultry Book,' by Mr. Teget- 
meier, 1806, pp. 119, lOS. The author, 
vho remarks un the two nogatires 
(‘ Jonm. of Hort.,’ 18G2, p. 325;, states 
that two broods were raised from a 
Bpanish oock and Silver-peocilled Uam* 
burgh hen, neither of which are incu- 
bators, and no less than seyen out of 
eight houB in these two broods showed 
a perfect obstinacy in sitting.” The 
Bev. E. 8. Dixon (‘Ornamental Poultry,’ 
1848, p. 200) says tliat chickens reared 
from a cross betweeu GoUen and Black 



Polish fowls, are “good and steady 
birds to sit.” Mr. B. P. Brent informi 
me that he nise<l some good sitting 
hens by crossing Pencilled Hamburgh 
and Polish breeds. A cross-bred bird 
firom a Spanish non-incubating cock and 
Cochin incubating hen is mentioned ia 
the ‘ Poultry Chruniclo,’ vol. iii. p» 13»“ 
an “ exemplary mother.” On tbe other 

* Cottage Gardener,’ 1860, p.Ss, ofa hm 
raised from a Spanish cock and black 
Polish hen which did not incubate. 
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to such a degree, that the fact is intelligible only on the prin- 
ciple that the cross has caused a partial return to the primitive 
disposition. 

The Earl of Powis formerly imported some thoroughly domes- 
ticated humped cattle from India, and crossed them with English 
breeds, which belong to a distinct species; and his agent re- 
marked to me, without any question having been asked, how oddly 
wild the cross-bred animals were. The European wild boar and 
the Chinese domesticated pig are almost certainly specifically 
distinct : Sir P. Darwin crossed a sow of the latter breed with 
a wild Alpine boar which had become extremely tame, but the 
young, though having half-domesticated blood in their veins, 
were “ extremely wild in confinement, and would not eat swill 
like common English pigs.” Mr. Hewitt, who has had great 
experience in crossing tame cock-pheasants with fowls belonging 
to five breeds, gives as the character of all “extraordinary 
wildness;”* but I have myself seen one exception to this rule. 
Mr. S. J. Salter,*' who raised a large number of hybrids from 
a bantam -hen by Gallus Sanneratii, states that “all were 
exceedingly wild.” Mr. Waterton" bred some wild ducks from 
eggs hatched under a common duck, and the young were 
allowed to cross freely both amongst themselves and with the 
tame ducks; they were “half wild and half tame; they came 
to the windows to be fed, but still they had a wariness about 
them quite remarkable.” 

On the other hand, mules from the horse and ass are certainly 
not in the least wild, yet they are notorious for obstinacy and 
vice. Mr. Brent, who has crossed canary-birds with many 
kinds of finches, has not observed, as he informs me, that the 
hybrids were in any way remarkably wild. Hybrids are often 
raised between the common and musk duck, and I have been 
assured by three persons, who have kept these crossed birds, 
that they were not wild*, but Mr. Garnett*’ observed that his 
female hybrids exhibited “migratory propensities,” of which 
there is not a vestige in the common or musk duck. No case is 

«> - The Poultry Book,’ by Teget- *> ‘Eseays on Natural History,’ n 
meier, 1866, pp. 165, 167. 197. 

** ‘ Natural History Review,’ 1863, *• As stated by Mr. Orton, in his 

April, p. 277. ‘ Physiology of Breeding,’ p. 12. 
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known of this latter bird having escaped and become wild in 
Europe or Asia, except, according to Pallas, on the Caspian 
Sea ; and the common domestic duck only occasionally becomes 
wild in districts where large lakes and fens abound. Never- 
theless, a large number of cases have been recorded" of hybrids 
from these two ducks, although so few are reared in comparison 
with purely-bred birds of either species, having been shot in 
a completely wild state. It is improbable that any of these 
hybrids could have acquired their wildness from the musk-duck 
having paired with a truly wild duck ; and this is known not 
to be the case in North America; hence we must infer that 
they have reacquired, through reversion, their wildness, as well 
as renewed powers of flight. 

These latter facts remind ns of the statements, so frequently 
made by travellers in all parts of the world, on the degraded 
state and savage disposition of crossed races of man. That many 
excellent and kind-hearted mulattos have existed no one will 
dispute ; and a more mild and gentle set of men eould hardly 
be found than the inhabitants of the island of Chiloe, who consist 
of Indians commingled with Spaniards in various proportions. 
On the other hand, many years ago, long before I had thought 
of the present subject, I was struck with the fact that, in South 
America, men of complicated descent between Negroes, Indians, 
and Spaniards, seldom had, whatever the cause might be, a goo^ 
expression.* Livingstone, — and a more unimpeachable authority 
cannot be quoted, — after speaking of a half-caste man on the 
Zambesi, described by the Portuguese as a rare monster of 
inhumanity, remarks, “It is unaccountable why half-castes, 
such as he, are so much more cruel than the Portuguese, 
but such is undoubtedly the case.” An inhabitant remarked 
to Livingstone, “ God made white men, and God made black 
men, but the Devil made half-castes.”" When two races, both 



** M. E. de Selys-Longchamps rcfors 
(‘BuUeiin Acad. Eoy. do. Bruxellea,* 

these hybrids shot in Switzerland and 
France. M. Deby asserts (‘ Zoologist,’ 
Tol. T., 1845-46, p. 1254) that several 
have been shot in various parts of 
Belgium andNorthernFzance. Audubon 



(‘Omitholog. Biography,’ vol. iiL p. 
168), speaking of these hybrids, 
that, in North America, they 
and then wander off and become 



** ‘ Journal of Ecsearches,’ 18 
** ‘ Expedition to the Zambe 
pp. 25, 150. 
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low in the scale, are crossed, the progeny seems to be emi- 
nently bad. Thus the noble-hearted Humboldt, who felt none 
of that prejudice against the inferior races now so current in 
England, speaks in strong terms of the bad and savage disjxjsi- 
tion of Zambos, or half-castes between Indians and Negroes; 
and this conclusion has been arrived at by various observers.” 
From these facts we may perhaps infer that the degraded state 
of so many half-castes is in part due to reversion to a primitive 
and savage condition, induced by the act of crossing, as well as 
to the unfavourable moral conditions under which they generally 



Summary an the proximate eaxuee leading to Bevereion . — When 
purely-bred animals or plants reassume long-lost characters, — 
when the common ass, for instance, is bom with striped legs, 
when a pure race of black or white pigeons throws a slaty- 
blue bird, or when a cultivated heartsease with large and 
rounded flowers produces a seedling with small and elongated 
flowers, — we are quite unable to assign any proximate cause. 
When animals run wild, the tendency to reversion, which, 
though it has been greatly exaggerated, no doubt exists, is 
sometimes to a certain extent intelligible. Thus, with feral pigs, 
exposure to the weather will probably favour the growth of the 
bristles, as is known to be the case with the hair of other domes- 
ticated animals, and through correlation the tusks will tend to 
be redeveloped. But the reappearance of coloured longitudinal 
stripes on young feral pigs cannot be attributed to the direct 
action of external conditions. In this case, and in many others, 
we can only say that changed habits of life apparently have 
favoured a tendency, inherent or latent in the species, to return 
to the primitive state. 

It will be shown in a future chapter that the position of 
flowers on the summit of the axis, and the position of seeds 
within the capsule, sometimes determine a tendency towards 
revereion ; and this apparently depends on the amount of sap or 
nutnment which the flower-buds and seeds receive. The posi- 
tion, also, of buds, either on branches or on roots, sometimes 
determines, as was formerly shown, the transmission of the 

” Dr. P. Broca, on < Hybridity in the Gonna Homo,’ Eng. tnmalat., 1804, p. 39. 
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proper character of the variety, or its reversion to a former 
state. 

We have seen in the last section that when two races or 
species are crossed there is the strongest tendency to the re- 
appearance in the offspring of long-lost characters, possessed by 
neither parent nor immediate progenitor. When two white, or 
red, or black pigeons, of well-established breeds, are united, the 
offspring are almost sure to inherit the same colours ; but when 
differently-coloured birds are crossed, the opposed forces of 
inheritance apparently counteract each other, and the tendency 
which is inherent in both parents to produce slaty-blue offspring 
becomes predominant. So it is in several other cases. But 
when, for instance, the ass is crossed with A. Indicm or with 
the horse, — animals which have not striped legs, — and the hybrids 
have conspicuous stripes on their legs and even on their faces, 
all that can be said is, that an inherent tendency to reversion 
is evolved throngh some disturbance in the organisation caused 
by the act of crossing. 

Another form of reversion is far commoner, indeed is almost 
universal with the offspring from a cross, namely, to the cha- 
racters proper to either pure parent-form. As a general rule, 
crossed offspring in the first generation are nearly intermediate 
between their parents, but the grandchildren and succeeding 
generations continually revert, in a greater or lesser degree, 
to one or both of their progenitors. Several authors have maiu- 
tained that hybrids and mongrels include all the characters of 
both parents, not fused together, but merely mingled in different 
proportions in different parts of the body; or, ns Naudin* has 
expressed it, a hybrid is a living mosaic-work, in which the eye 
cannot distinguish the discordant elements, so completely are 
they intermingled. W e can hardly doubt that, in a certain sense, 
this is true, as when we behold in a hybrid the elements of both 
species segregating themselves into segments in the same flower 
or fruit, by a process of self-attraction or self-afSnity ; this 
segregation taking place either by seminal or by bud-propagation. 
Naudin further believes that the segregation of the two specific 
elements or essences is eminently liable to occur in the male 
and female reproductive matter; and he thus explains the almost 
« ‘ Nourellcs Archives du Musdum,’ tom. i. p. 151. 
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umre^l tendency to reversion in snccessive hybrid generations. 
For this would be the natural result of the union of pollen and 
ovules, in both of which the elements of the same species had 
b^n segregated by self-affinity. If, on the other hand, pollen 
which included the elements of one species happened to unite 
with ovules including the elements of the other species, the 
intemediate or hybrid state would still be retained, and there 
would be no reversion. But it would, as I suspect, be more 
correct to say that the elements of both parent-species exist in 
every hybrid in a double state, namely, blended together and 
com^etely separate. How this is possible, and what the term 
s^cific essence or element may be supposed to express, I shall 
attempt to show in the hypothetical chapter on pangenesis. 

But Naudm’s view, as propounded by him, is not applicable 

been cm ® °”Pe<=>es which, after having 

^en crossed at some former period with a distinct form, and 

ZZZ''" “«-®rth«less occasion- 

ally yield an mdividual which reverts (as in the case of the 
gr^t-great-grandchild of the pointer Sappho) to the crossbg 
lorm. The most simple case of reversion, namely, of a hvbrid 

““ *" *” ». 

hiSrrif'''®!®^- which are 
£? h 1 i f ^o revemion to their parent- 

Gartner further states that revemion's larely occur with 

VOL. II. ‘ a 582, 138, 4o. 
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hybrid plants raised from species which have not been cultivated, 
whilst, with those which have been long cultivated, they are of 
frequent occurrence. This conclusion explains a curious dis- 
crepancy : Max Wichura,“ who worked exclusively on willows, 
which had not been subjected to culture, never saw an in' 
stance of reversion ; and he goes so far as to suspect that the 
careful Gartner had not sufSciently protected his hybrids from 
the pollen of the parent-species: Kaudin, on the other hand, 
who chiefly experimented on cucurbitaceous and other cultivated 
plants, insists more strenuously than any other author on the 
tendency to reversion in all hybrids. The conclusion that the 
condition of the parent-species, as aflected by culture, is one 
of the proximate causes leading to reversion, agrees fairly well 
with the converse case of domesticated animals and cultivated 
plants being liable to reversion when they become feral; for 
in both cases the organisation or constitution must be dis- 
turbed, though in a very different way. 

Finally, we have seen that characters often reappear in 
purely-bred races without our being able to assign any proximate 
cause ; but when they become feral this is either indirectly or 
directly induced by the change in their conditions of life. With 
crossed breeds, the act of crossing in itself certainly leads to 
the recovery of long-lost characters, as well as of those derived 
from either parent-form. Changed conditions, consequent on 
cultivation, and the relative position of buds, flowers, and seeds 
on the plant, all apparently aid in giving this same tendency. 
Keversion may occur either through seminal or bud generation, 
generally at birth, but sometimes only with an advance of age. 
Segments or portions of the individual may alone be thus 
affected. That a being should be bom resembling in certain 
characters an ancestor removed by two or three, and in some 
cases by hundreds or even thousands of generations, is assuredly 
a wonderful fact. In these cases the child is commonly said 
to inherit such characters directly from its grandparents, or 
more remote ancestors. But this view is hardly conceivable. 
If, however, we suppose that every character is derived exclu- 

“ ‘Die Baetardbcfirachtung .... dcr Weiden,’ 18C5, 8. 23. For GiiriMt* 
remarks on this head, see ‘ Itastaiderzeugung,’ s. 474, 582. 
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sively from the father or mother, but that many characters lie 
latent in both parents during a long succession of generations, 
the foregoing facts are intelligible. In what manner characters 
may be conceived to lie latent, will be considered in a future 
chapter to which I have lately alluded. 



Latent Charactert . — But I must explain what is meant 
by characters lying latent. The most obvious illustration is 
afforded by secondary sexual characters. In every female all 
the secondary male characters, and in every male all the secondary 
female characters, apparently exist in a latent state, ready to 
be evolved under certain conditions. It is well known that a 
large number of female birds, such as fowls, various pheasants, 
partridges, peahens, ducks, &c., when old or diseased, or when 
operated on, partly assume the secondary male characters of 
their species. In the case of the hen-pheasant this has been 
observ^ to occur far more frequently during certain seasons 
than during others.^ A duck ten years old has been known to 
assume both the perfect winter and summer plumage of the 
drake." Waterton" gives a curious ease of a hen which had 
ceased laying, and had assumed the plumage, voice, spurs, and 
warlike disposition of the cock ; when opposed to an enemy she 
would erect her hackles and show fight. Thus every character, 
even to the instinct and manner of fighting, must have lain 
dormant in this hen as long as her ovaria continued to act. The 
females of two kinds of deer, when old, have been known to 
acquire horns; and, as Hunter has remarked, we see something 
of an analogous nature in the human species. 

On the other hand, with male animals, it is notorious that the 
second^ sexual characters are more or less completely lost 
when they are subjected to castration. Thus, if the operation be 
performed on a young cock, he never, as Yarrell states, crows 



•' Yarrell, ‘PliU. Transact.,’ 1827, p 
268: Ur. Hamilton, in Zoo „g 

Soc.,’ 1862, p. 23. 

«s ‘ArcUiv. Skand. BoiMge zui 
Naturgosch,’ viii. s. 397-413. 

“ In his ‘ Essays on Nat. Hist.,’18.38 
Mr. Hewitt gives analogoua cases wit! 
hen-pheasanU in ‘Journal of Horti- 
culture,’ July 12, 1864, p. 37. IsidoK 



Gooflipy Saint Hilaire, in liis ‘Essais 
de Zoolog. G&.’ (suites k Buffon, 1842, 
pp. 496-S13),liascolleetcd sucbcascsiu 
ten different kinds of birds. It appeals 
tliat Aristotle was well aware of tbe 
change in mental disposition in old 
hona The case of the female deer 
acquiring horns is given at p. 518. 
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again ; the comb, wattles, and spurs do not grow to their full size 
and the hackles assume an intermediate appearance between 
true hackles and the feathers of the hen. Cases are recorded 
of conflnomont alone causing analogous results. But characters 
properly confined to the female are likewise acquired ; the capon 
takes to sitting on eggs, and will bring up chickens ; and what 
is more curious, the utterly sterile male hybrids from the phea- 
sant and the fowl act in the same manner, “ their delight being 
to watch when the hens leave their nests, and to take on 
themselves the oflico of a sitter.” “ That admirable observer 
Reaumur” asserts that a cock, by being long confined in solitude 
and darkness, can be taught to take charge of young chickens ; 
he then utters a peculiar cry, and retains daring his whole life 
this newly acquired maternal instinct. The many well-ascer- 
tained cases of various male mammals giving milk, show that 
their rudimentary mammary glands retain this capacity in a 
latent condition. 

We thus see that in many, probably in all cases, the secondary 
characters of each sex lie dormant or latent in the opposite sex, 
ready to be evolved under peculiar circumstances. We can 
thus understand how, for instance, it is possible for a good 
milking cow to transmit her good qualities through her male 
offspring to future generations ; for we may confidently believe 
that these qualities are present, though latent, in the males 
of each generation. So it is with the game-cock, who can trans- 
mit his superiority in courage and vigour through his female to 
his male offspring; and with man it is known” that diseases, 
such as hydrocele, necessarily confined to the male sex, can be 
transmitted through the female to the grandson. Such cases 
as these offer, as was remarked at the commencement of this 
chapter, the simplest possible examples of reversion ; and they 
are intelligible on the belief that characters common to the 
grandparent and grandchild of the same sex are present, though 
latent, in the intermediate parent of the opposite sex. 

The subject of latent characters is so important, as we shall 
see in a futiu-e chapter, that I will give another illustration. 

“ ‘ Cottage Gardener,’ I860, p. 879. 

“ ‘ Art de fiure Eclorre,’ &o., 1749, tom. ii. p. 8. 

” Sir H. Holland, ‘ Medioal Notea and Befloctiona,’ 3rd edit., 1895, p. 31. 
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Many animals have the right and left sides of their body 
unequally developed : this is well known to be the case with 
flat-fish, in which the one side diflfers in thickness and colour, 
and in the shape of the fins, from the other ; and during the 
growth of the young fish one eye actually travels, as shown by 
tsteenstrup, from the lower to the upper surface.*’ In most flat- 
fishes the left is the blind side, but in some it is the right ; 
though in both cases “wrong fishes,” which are developed in 
a reversed manner to what is usual, occasionally occur, and in 
Platesia jUsut the right or left side is indifierently developed, 
the one as often as the other. With gasteropoda or shell-fish, 
the tight and left sides are extremely unequal ; the far greater 
number of species are dcxtral, with rare and occasional reversals 
of development, and some few are normally sinistral ; but cer- 
tain species of Bulimus, and many Achatinellae,“ are as often 
sinistral as dextral. I will give an analogous case in the great 
Articulate kingdom: the two sides of Verruca" are so won- 
derfully unlike, that without careful dissection it is extremely 
difficult to recognise the corresponding parts on the opposite 
sides of the body ; yet it is apparently a mere matter of chance 
whether it be the right or the left side that undergoes so singu- 
lar an amount of change. One plant is known to me“in which 
the flower, according as it stands on the one or other side of the 
spike, is unequally developed. In all the foregoing cases the 
two sides of the animal are perfectly symmetrical at an early 
period of growth. Now, whenever a species is as liable to be 
unequally developed on the one as on the other side, we may 
infer that the capacity for such development is present, though 
latent, in the undeveloped side. And as a reversal of develop- 
ment occasionally occurs in animals of many kinds, this latent 
capacity is probably very common. 

The best yet simplest instances of characters lying dormant 
are, perhaps, those previously given, in which chickens and 
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young pigeons, raised from a cross between differently coloured 
birds, are at first of one colour, but in a year or two acquire 
feathers of the colour of the other parent ; for in this caro the 
tendency to a change of plumage is clearly latent in the young 
bird. So it is with hornless breeds of cattle, some of which 
acquire, as they grow old, smaU horns. Purely bred black and 
white bantams, and some other fowls, occasionally assume, with 
advancing years, the red feathers of the parentspecies. I will 
here add a somewhat different case, as it connects in a striking 
manner latent characters of two classes. Mr. Hewitt" possessed 
an excellent Sebright gold -laced hen bantam, which, as she 
became old, grew diseased in her ovaria, and assumed male 
characters. In this breed the males resemble the females in all 
respects except in their combs, wattles, spurs, and instincts; 
hence it might have been expected that the diseased hen would 
have assumed only those masculine characters which are proper 
to the breed, but she acquired, in addition, well-arch^ tail 
sickle-feathers quite a foot in length, saddle-feathers on the 
loins, and hackles on the neck, — ornaments which, as Mr. Hewitt 
remarks, “ would be held as abominable in this breed.” The 
Sebright bantam is known “ to have originated about the year 
1800 from a cross between a common bantam and a Pohsh fowl, 
recrossed by a hen-tailed bantam, and carefully selected; hence 
there can hardly be a doubt that the sickle-feathers and hackles 
which appeared in the old hen were derived from the Polish 
fowl or common bantam ; and we thus see that not only certain 
masculine characters proper to the Sebright bantam, but other 
masculine characters derived from the first progenitors of the 
breed, removed by a period of above sixty years, were lying 
latent in this hen-bird, ready to be evolved as soon as her ovaria 
became diseased. 

From these several facts it must be admitted that certain 
characters, capacities, and instincts may lie latent in an indi- 
vidual, and even in a succession of individuals, without our being 
able to detect the least signs of their presence. We have 

** *Jonrnal of Horticultuic/ July, Tegetmeior. 

18M, p. 38. I have had tho oppoi^ « ‘ The Poultry Book,’ by Mr. Teget- 

tuuity of examining these remarkahle meier, 1806, p. 241. 
feathers through tho kioduess of Mr. 
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already seen that the transmission of a character from the 
grandparent to the grandchild, with its apparent omission in 
the intermediate parent of the opposite sex, becomes simple on 
this view. When fowls, pigeons, or cattle of different colours 
are crossed, and their offspring change colour as they grow 
old, or when the crossed turbit acquired the characteristic frill 
after its third moult, or when purely-bred bantams partially 
assume the red plumage of their prototype, we cannot doubt that 
these qualities were from the first present, though latent, in the 
individual animal, like the characters of a moth in the cater- 
pillar. Now, if these animals had produced offspring before 
they had acquired with advancing age their new characters, 
nothing is more probable than that they would have transmitted 
them to some of their offspring, which in this case would in 
appearance have received such characters from their grand- 
parents or more distant progenitors. We should then have had 
a case of reversion, that is, of the reappearance in the child 
of an ancestral character, actually present, though during youth 
completely latent, in the parent ; and this we may safely con- 
clude is what occurs with reversions of all kinds to progenitors, 
however remote. 

This view of the latency in each generation of all the cha- 
racters which appear through reversion, is also supported by their 
actual presence in some cases during early youth alone, or by 
their more frequent appearance and greater distinctness at this 
age than during maturity. We have seen that this is often 
the case with the stripes on the legs and faces of the several 
species of the horse-genus. The Himalayan rabbit, when crossed, 
sometimes produces offspring which revert to the parent silver- 
grey breed, and we have seen that in purely bred animals 
pale-grey fur occasionally reappears during early youth. Black 
cats, we may feel assured, would occasionally produce by 
reversion tabbies; and on young black kittens, with a pedi- 
gree*’ known to have been long pure, faint traces of stripes 
may almost always be seen which afterwards disappear. Horn- 
less Suffolk cattle occasionally produce by reversion homed 
animals; and Youatt** assorts that even in hornless individuals 

** Carl Vogt, * Lectuies on Man,' Eng. tranolat., 1864, p. 411 

** On Cattle, p. 174. 



Danwin Online: By permission i 






! Natural History Museum (London) 



“ the rudiment of i 



CuiP. XIII. 



hom may be often felt at an early 

No doubt it appears at first sight in the highest degree im- 
probable that m every horse of every generation there should 

these may not appear once m a thousand generations; that in 
every wlute, black, or other coloured pigeon, which may have 
transmitted its proper colour during centuries, there should be a 
latent cajmcity in the plumage to become blue and to be marked 
with certain characteristic bars; that in every child in a six 
fingered family there should be the capacity for the production 
of an additional digit; and so in other cases. Nevertheless 
there is no more inherent improbability in this being the case 
than m a useless and rudimentary organ, or even in only a 
tendency to the production of a rudimentary organ, being inhe- 
rited during millions of generations, as is weU known to occur 
with a multitude of organic beings. There is no more inherent 
improbability in each domestic pig, during a thousand genera- 
tions, retaining the capacity and tendency to develop great 
tusks under fitting conditions, than in the young calf having 
retained for an indefinite number of generations rudimentary 
incisor teeth, which never protrude tlirough the gums. 

I shall give at the end of the next chapter a summary of the 
three preceding chapters ; but as isolated and striking cases of 
reversion have here been chiefly insisted on, I wish to guard 
the reader against supposing that reversion is due to some rare 
or accidental combination of circumstances. When a character, 
lost during hundreds of generations, suddenly reappears, no 
doubt some such combination must occur; but reversions may 
be constantly observed, at least to the immediately preceding 
generations, in the offspring of most unions. This has been 
universally recognised in the case of hybrids and mongrels, but 
It has been recognised simply from the difference between the 
united forms rendering the resemblance of the offspring to 
their grandparents or more remote progenitors of easy detec- 
tion. Reversion is likewise almost invariably the rule, as Mr. 
Sedgwick has shown, with certain diseases. Hence we must 
conclude that a tendency to this peculiar form of transmission 
18 an integral part of the general law of inheritance. 
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Monstrosities . — A large number of monstrous growths and of 
lesser anomalies are admitted by every one to be due to an 
arrest of development, tliat is, to the persistence of an em- 
bryonic condition. If every horse or ass had striped legs whilst 
young, the stripes which occasionally appear on these animals 
when adult would have to be considered as due to the ano- 
malous retention of an early • character, and not as duo to 
reversion. Now, the leg-stripes in the horse-genus, and some 
otlier characters in analogous cases, are apt to occur during 
early youth and then to disappear ; thus the persistence of early 
characters and reversion are brought into close connection. 

But many monstrosities can hardly be considered ns the result 
of an arrest of development ; for parts of which no trace can be 
detected in the embryo, but which occur in other members of 
the same class of animals or plants, occasionally appear, and 
these may probably with truth be attributed to reversion. For 
instance : supernumerary mammae, capable of secreting milk, 
are not extremely rare in women; and as many as five have 
been observed. When four are developed, they are generally 
arranged symmetrically on each side of the chest; and in one 
instance a woman (the daughter of another with supernumerary 
mamm®) had one mamma, which yielded milk, developed in 
the inguinal region. This latter case, when we remember the 
Ix)sition of the mamm® in some of the lower animals on both 
the chest and inguinal region, is highly remarkable, and leads 
to the belief that in all cases the additional mamm® in woman 
are due to -reversion. The facts given in the last chapter on 
the tendency in supernumerary digits to regrowth after amputa- 
tion, indicate their relation to the digits of the lower vertebrate 
animals, and lead to the suspicion that their api®arance may in 
some manner be connected with reversion. But I shall have to 
reciu-, in the chapter on pangenesis, to the abnormal multipli- 
cation of organs, and likewise to their occasional transposition. 
The occasional development in man of the coccygeal vertebr® 
into a short and free tail, though it thus becomes in one sense 
more perfectly developed, may at the same time be considered 
as an arrest of development, and as a case of reversion. The 
greater frequency of a monstrous kind of proboscis in the pig 
than in any other mammal, considering the position of the pig 
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in tlie mammalian series, has likewise been attributed, perhans 
truly, to reversion.® ’ ^ 



When flowers which aro properly irrejpilar in stmetare become reinilat 
or pcloric, the change is generally looked at by botanists as a return to the 
primitive state. But Dr. MaxweU Masters," who has ably discussed this 
subject, remarks that when, for instance, all the sepals of a Tropieolum 
become green and of the same shape, instead of being coloured with one 
alone prolonged into a spur, or when all the petals of a Linaria become 
simple and regular, such cases may be due merely to an arrest of deve- 
lopment; for in these flowers all the organs during their earliest condiUon 
are symmetrical, and, if arrested at this stage of growth, they would not 
become irregular. If, moreover, the arrest were to take place at a still 
earlier period of development, the result would be a simple tuft of green 
loaves ; and no one probably would call this a case of reversion. Dr. Masters 
designates the cases first alluded to as regular peloria; and others, in 
which all the corresponding parts assume a similar form of irregularity, as 
when all the petals in a Linaria become spurred, as irregular peloria. We 
have no right to attribute these latter cases to reversion, until it can be 
shown to be probable that the parent-form, for instance, of the genus 
Linaria had had all its petals spurred ; for a change of tliis nature might 
result from the spreading of an anomalous structure, in accordance with 
the law, to be discussed in a future chapter, of homologous parts tending 
to vary in the same manner. But as both forms of peloria frequently 
occur on the same individual plant of the Linaria," they probably stand 
in some close relation to each other. On the doctrine that peloria is 
simply the result of an arrest of development, it is difScult to understand 
how an organ arrested at a very early period of growth should acquire its 
fuU functional perfection how a petal, supposed to bo thus arrested, 
should acquire its brilliant colours, and serve as an envelope to the flower, 
or a stamen produce efficient pollen ; yet this occurs with many pelorio 
flowers. That pelorism is not duo to mere chance variability, but either 
to an arrest of development or to reversion, we may infer from an observa- 
tion made by Ch. Morren," namely, that families which have irregular 
flowers often "return by those monstrous growths to their regular form; 
whilst wo never see a regular flower realise the structure of an irregular 



— .ae flowers have almost certainly become more or less completely 
pelorio through reversion. Corydalis tuheivta properly has one of its tw" 



puiurii. uuuugii levoiBiuu. \joryaatis luoeroaa properly nas one oi us iwo 
nectaries colourless, destitute of nectar, only half the size of the other, and 



• laid. Gcoffroy St. Hilaire, ‘ Dea de Teratologie,’ 1841, pp. 184, 352. 
Anomalies,’ tom. iii. p. 353. With " Verlot, ‘Des Varietes,’ 1865, p. 
respect to the mammm in women, see 89; Nnudin, ‘Nouvelles Archives da 
tom. i. p. 710. Musdum,’ tom. i. p. 137. 

" ‘ Natnml Hist. Eeviow,’ April, « In his discussion on 
1863, p. 238. Sec also his Lectnre,Boyal pelorio calceolarias, quote 
Institution, March 16, 1860. On samo of Horticulturc,' Feb. i 
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therefore, to a certain extent, in a rudimentary sfato; the pistil is curved 
towards the perfect nectary, and the hood, formed of the inner petals, 
shps off the pistil and stamens in one direction alone, so that, when a bee 
sucks the perfect nectary, the stigma and stamens arc exposed and rubbed 
against the insect’s body. In several closely allied genera, as in Dielytra, 
&c., there are two perfect nectaries, the pistil is straight, and the hood 
slips off on either side, according as the boo sucks either nectary. Now, 
I have examined several flowers of Corydalii tubtrota, in which both nec- 
taries were equally developed and contained nectar ; in this we see only 
the redevelopment of a partially aborted organ; but with this redevelop- 
ment the pistil becomes straight, and the hood slips off in either direction ; 
so that these flowers have acquired the perfect structure, so well adapted 
for insect agency, of Dielytra and its allies. We cannot attribute those 
coadapted modifleations to chance, or to correlated variability; we must 
attribute them to reversion to a primordial condition of tlio species. 

The peloric flowers of Pelargonium have their five petals in all respects 
alike, and there is no nectary; so that they resemble the symmetrical 
flowers of the closely allied Geranium-genus ; but the alternate stamens 
are also sometimes destitute of anthers, the shortened filaments being left 
as rudiments, and in this respect they resemble the symmetrical flowers of 
the closely allied genus, Erodium. Hence we are led to look at the peloric 
flowers of Pelargonium as having probably reverted to the state of some 
primordial form, the progenitor of the three closely related genera of 
Pelargonium, Geranium, and Erodium. 

In the peloric form of Antirrhinum majiu, appropriately called the 
" Wonder," the tubular and elongated flowers differ wonderfully from 
those of the common snapdragon ; the calyx and the mouth of the corolla 
consist of six equal lobes, aud include six equal instead of four un- 
equal stamens. One of the two additional stamens is manifestly formed 
by the development of a microscopically minute papilla, which may be 
found at the base of the upper lip of the flower in all common sna^ 
dragons, at least in nineteen plants examined by me. Tliat this papilla 
is a rudiment of a stamen was well shown by its various degrees of deve- 
lopment in crossed plants between the common and peloric Antirrhinum. 
Again, a peloric Qaieobdolon luteum, growing in my garden, had five equal 
petals, all striped like the ordinary lower lip, and included five equal 
instead of four unequal stamens ; but Mr. B. Keeley, who sent mo this 
plant, informs mo that the flowers vary greatly, having from four to six 
lobes to the corolla, and from three to six stamens.** Now, as the mem- 
bers of the two groat families to which the Antirrliinum and Galeobdolon 
belong are properly pentamerous, with some of the ports confluent and 
others suppressed, we o^ht not to look at the sixth stamen and the sixth 
lobe to the corolla in either case as duo to reversion, any more than the 
additional petals in double flowers in these same two families. But the 
case is difiereut with the fifth stamen in the peloric Antirrhinum, which 
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is p^uc^ by the redevelopment of a rudiment always present suH 
which probably mveals to us the state of the flower, as fer as’^T^^^ 
are <»nceraed, at some ancient epoch. It is also difficult to beUeve tS^ 
the other four stamens and the petals, after an arrest of development lu 
very early embryomc age, would have come to full perfection in colour 
structure, and function, unless these organs had at some former neZi 
normally passed through a similar course of growth. Hence it app^s to 
mo probable that the progenitor of the genus Antirrhinum must at some 
remote epoch have included five stamens and borne flowers in some decree 
resembling those now produced by the peloric form. 

Lastly, I may add that many instances have been recorded of flowers 
not generally ranked as peloric, in which certain organs, normally few in 
number, have been abnormally augmented. As such an increase of parts 
carmot be looked at as an arrest of development, nor as due to the rede- 
velopment of rudiments, for no rudiments are present, and as these addi- 
tional parts bring the plant into closer relationship with its natural allies 
they ought probably to bo viewed as reversions to a primordial condition. ’ 



These several facts show us in an interesting manner how 
intimately certain abnormal states are connected together; 
namely, arrests of development causing parts to become rudi- 
mentary or to be wholly suppressed,— the redevelopment of 
parts at present in a more or less rudimentary condition, — the 
reappearance of organs of which not a vestige can now bo de- 
tected,— and to these may be added, in the case of animals, the 
presence during youth, and subsequent disappearance, of cer- 
tain characters which occasionally are retained throughout life. 
Some naturalists look at all such abnormal structures as a return 
to the ideal state of the group to which the affected being 
belongs ; but it is difScult to conceive what is meant to be con- 
veyed by this expression. Other naturalists maintain, with 
greater probability and distinctness of view, that the common 
bond of connection between the several foregoing cases is an 
actual, though partial, return to the structure of the ancient 
progenitor of the group. If this view be correct, we must 
believe that a vast number of characters, capable of evolution, 
lie hidden in every organic being. But it would be a mistake 
to suppose that the number is equally great in aU beings. 
We know, for instance, that plants of many orders occasionally 
become peloric; but many more cases have been observed 
in the Labiatse and Scrophulariaceae than in any other order; 
and in one genus of the Scrophulariacem, namely Linaria, no less 
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than thirteen species have been described in a peloric condition.™ 
On this view of the nature of peloric flowers, and bearing in 
mind what has been said with respect to certain monstrosities 
in the animal kingdom, we must conclude that the progenitors 
of most plants and animals, though widely, different in struc- 
ture, have left an impression capable of redevelopment on the 
germs of their descendants. 

The fertilised germ of one of the higher animals, subjected as 
it is to so vast a series of changes from the germinal cell to old 
age,— incessantly agitated by what Quatrefages well calls the 
touriittm vital , — is perhaps the most wonderful object in nature. 
It is probable that hardly a change of any kind affects 
either parent, without some mark being left on the germ. But 
on the doctrine of reversion, as given in this chapter, the germ 
becomes a far more marvellous object, for, besides the visible 
changes to which it is subjected, we must believe that it is 
crowded with invisible characters, proper to both sexes, to both 
the right and left side of the body, and to a long line of male 
and female ancestors separated by hundreds or even thousands 
of generations from the present time ; and these characters, 
like those written on paper with invisible ink, all lie ready to 
be evolved under certain known or unknown conditions. 

™ Moquin-Taniion. ‘ Teratologic,’ p. 186. 



Darwin Online: By permission i 






! Natural History Museum (London) 



INHEEITANCR 



Chap. xiv. 



CHAPTER XIV. 

INHERITANCE continued — FIXEDNESS OF CHARACTER — PREPO- 
TENCY — SEXUAL LIMITATION — CORRESPONDENCE OP AGE. 



FIXEDNESS OF CHAKACTEB APPABENTLT NOT DEE TO ANTIQUITY OF INIIEKITANCE — 
PEETOTENOY OF TRANSKISSION IN INDmDDAtS OF THE SAME FAMILY, IN CEOSSED 




KESPONDINO PEBIOD8 OF LIFE — THE DIPOBTANCBOF THE PRINCIPLE HITH RESPECT 
TO EMBRYOLOGY ; AS EXHIBITED IN DOMESTICATED ANIMALS ; AS EXHIBITED IN 
THE APPEARANCE AND DISAPPEARANCE OF INHERITED DISEASES; SOMEriEES 

THREE PRECEDINa CHAPTERS. 

In the two last chapters the nature and force of Inheritance, the 
circumstances which interfere with its power, and the tendency 
to Reversion, with its many remarkable contingencies, were dis- 
cussed. In the present chapter some other related phenomena 
will be treated of, as fully as my materials permit. 

Fixedness of Charaeter. 

It is a general belief amongst breeders that the longer any 
character has been transmitted by a breed, the more firmly it 
will continue to be transmitted. I do not wish to dispute the 
truth of the proposition, that inheritance gains strength simply 
through long continuance, but I doubt whether it can be proved. 
In one sense the proposition is little better than a truism; if 
any character has remained constant during many generations, 
it will obviously be little likely, the conditions of life remaining 
the same, to vary during the next generation. So, again, in 
improving a breed, if care be taken for a length of time to 
exclude all inferior individuals, the breed will obviously tend 
to become truer, as it will not have been crossed during many 
generations by an inferior animal. We have previously seen. 
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but without being able to assign any cause, that, when a new 
character appears, it is occasionally from the first well fixed, 
or fluctuates much, or wholly fails to be transmitted. So it is 
with the aggregate of slight differences which characterise a new 
Tariety, for some propagate their kind from the first much truer 
tlian others. Even with plants multiplied by bulbs, layers, &c., 
which may in one sense be said to form parts of the same individual, 
it is well known that certain varieties retain and transmit through 
successive bud-generations their newly-acquired characters more 
truly than others. In none of these, nor in the following cases, 
does there appear to be any relation between the force with 
which a character is transmissible and the length of time during 
which it has already been transmitted. Some varieties, such as 
white and yellow hyacinths and white sweet-peas, transmit their 
colours more faithfully than do the varieties which have retained 
their natural colour. In the Irish family, mentioned in the 
twelfth chapter, the peculiar tortoiseshell-like colouring of the 
eyes was transmitted far more faithfully than any ordinary colour. 
Ancon and Mauchamp sheep and niata cattle, which are all com- 
paratively modem breeds, exhibit remarkably strong powers of 
inheritance. Many similar cases could be adduced. 

As all domesticated animals and cultivated plants have varied 
and yet are descended from aboriginally wild forms, which no 
doubt had retained the same character from an immensely 
remote epoch, we see tliat scarcely any degree of antiquity 
ensures a character being transmitted perfecUy true. In this 
^e, however, it may be said that changed conditions of life 
induce certain modifications, and not that the power of inherit- 
ance fails; but in every case of failure, some cause, either 
internal or external, must interfere. It will generally be found 
that the parts in our domesticated productions which have 
varied, or which still continue to vary,— that is, which fail to 
retain their primoniial state, — are the same wth the parts which 
diflTer in the natural species of the same genus. As, on the theory 
of descent with modification, the species of the same genus 
have been modified since they branched off from a common 
progenitor, it follows that the characters by which they differ 
from each other have varied whilst otlier parts of the organi- 
sation have remained unchanged ; and it might be argued that 
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these same characters now vary under domestication, or fail 
to be inherited, owing to their lesser antiquity. But we must 
believe structures, which have already varied, would be more 
liable to go on varying, rather than structures which during 
an immense lapse of time have remained unaltered ; and this 
variation is probably the result of certain relations between the 
conditions of life and the organisation, quite independently of 
the greater or less antiquity of each particular character. 

Fixedness of character, or the strength of inheritance, has 
often been judged of by the preponderance of certain characters 
in the crossed offspring between distinct races ; but prepotency 
of transmission here comes into play, and this, as we shall imme- 
diately see, is a very different consideration from the strength 
or weakness of inheritance. It has often been observed' that 
breeds of animals inhabiting wild and mountainous countries 
cannot be permanently modified by our improved breeds; and 
as these latter are of modem origin, it has been thought that 
the greater antiquity of the wilder breeds has been the cause 
of their resistance to improvement by crossing; but it is 
more probably due to their structure and constitution being 
better adapted to the surrounding conditions. Wlien plants 
are first subjected to culture, it has been found that, during 
several generations, they transmit their characters truly, that is, 
do not vary, and this has been attributed to ancient characters 
being strongly inherited; but it may with equal or greater 
probability be consequent on changed conditions of life requiring 
a long time for their accumulative action. Notwithstanding these 
considerations, it would perhaps be rash to deny that characters 
become more strongly fixed the longer they are transmitted; 
but I believe that the proposition resolves itself into this, 
— that all characters of all kinds, whether new or old, tend 
to be inherited, and that those which have already withstood 
all counteracting influences and been truly transmitted, will, as 
a general rule, continue to withstand them, and consequently 
be faithfully inherited. 

> See Yooatt on Cattle, pp. 92, 69, 78, 88, 163 : and Yonatt on Shcq>, P- 3*5. 
Also Dr. Lucas, ‘ L’U&ed. Nat.,’ tom. it. p. 310. 
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Prepotency in the TrammUsicn of Character. 

Wien individuals distinct enough to be recognised, but of 
the same family, or when two well-marked races, or two 
species, are crossed, the usual result, as stated in the' previous 
chapter, is, that the offspring in the first generation are inter- 
mediate between their jiarents, or resemble one parent in one 
part and the other parent in another part. But this is by 
no means the invariable rule ; for in many cases it is found 
that certain individuals, races, and species, are prepotent in 
transmitting their likeness. This subject has been ably discussed 
by Prosper Lucas, ^ but is rendered extremely complicated by 
the prepotency sometimes running equally in both sexes, and 
sometimes more strongly in one sex than in the other; it is 
likewise complicated by the presence of secondary sexual cha- 
racters, which render the comparison of mongrels with their 
parent-breeds difficult. 

It would appear that in certain families some one ancestor 
and after him others in the same family, must have had great 
^wer in transmitting their likeness through the male line • 
for we cannot otherwise understand how the same features 
Aon Id so often be tmnsmitted after marriages with various 
females, as has been the case with the Austrian Emperors, and 
f“™«riyo™«rred in certain Roman 

i“'v!^ E “T'l 

her™ TI E T Y “ *he short- 

that Lrtm-n e“ observed^ with English race-horses 

hat certam mares have generally transmitted their own cha- 

Taictl i th P"''® 

cnaracter of the sire to prevail. 

certain race8°a^*''*c^^P** clearly when 

that the breed is comparativelv Shorthorns, notwithstanding 

possess great power in^in,preseffi^th!!r’i t™ acknowledged to 

it is chiefly in «nseL^er„??v® and 

consequence of this power that they are so highly valued 

120. *°™' “■ *’!’• < • Gardener's Chronicle^’ 1860, p. 270. 

' Sir H. Holland, ‘Chanters on V i „ * Smith, Observations on 

Physiology,' 1SS2, p. 231 ^ ®'*cding, quoted in ■ Encyclop. of Eural 

VOL. II. bpnn.,'p.278. 
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breed of sheep from the Cape of Good Hope. ^iV^ulcd 
hardly to he distinguished flxim himself, when cressed with ewM 5 
twelve other breeds. But two of these half-bred ewes, when nut tn 
a merino ram, produced lambs closely resembling the merino breed. 
Girou de Buzareingues? found that of two races of French sheep the ewes 
of one, when crossed during successive goneraUons with merino rams 
yielded up their character far sooner than the ewes of the other race 
Sturm and Girou have given analogous cases with other breeds of sheep 
and with cattle, the prepotency running in these cases through the male 
side; but I was assured on good authority in South America, that when 
niata cattle are crossed with common cattle, though the niata breed is pre- 
potent whether males or females ate used, yet that the prepotency is 
strongest through the female line. The Manx cat is tailless and has long 
hind legs ; Dr. Wilson crossed a male Manx with common cats, and out 
of twenty-three kittens, seventeen were destitute of tails; but when the 
female Manx was crossed by common male cats all the kittens had tails, 
tliough they were generally short and imperfeet* 

In making reciprocal crosses between pouter and Cantail pigeons, the 
pouter-race seem^ to be prepotent through both sexes over the fentaiL 
But this is probably due to weak power in the fantail rather than to any 
unusually strong power in the pouter, for I have observed that barbs also 
preponderated over fantails. This weakness of transmission in the fantail. 



though the breed is an ancient one, is said’ to be general; but I have 
observed one exception to the rule, namely, in a cross between a fantail 
and laugher. The most curious instance known to me of weak power in 
both sexes is in the trumpeter pigeon. This breed has been well known for 
at least 130 years : it breeds perfectly true, as I have been assured by those 
who have long kept many birds; it is characterised by a peculiar tuft of 
feathers over the beak, by a crest on the head, by a most peculiar coo 
quite unlike that of any other brood, and by mnch-fcathcred feet. I have 
crossed both sexes with turbits of two sub-breeds, with almond tumblers, 
spots, and runts, and reared many mongrels and recrossed them ; and though 
the crest on the head and feathered foot wore inherited (as is generally 
the case with most breeds), I have never seen a vestige of the tuft over 
the beak or heard the peculiar coo. Boitard and Corbid “ assert that this 
is the invariable result of crossing trumpeters with any other breed: 
Neumeister," however, states that in Germany mongrels liave been obtained, 
though very rarely, which were furnished with the tuft and would trumpet ; 
but a pair of these mongrels with a tuft, which I imported, never trumpeted. 
Mr. Brent states “ that the crossed ofepring of a trumpeter were crossed 



• Quoted by Bronn, ‘ Geschichte dcr 
Natur,’ b. ii. a. 170. See Sturm, 
‘Ueber Baocn,’ 1825, a 104-107. For 
the niata cattle, eee my • Journal of 
Kcscarches,’ 184.5. p. 146. 

’ Lucas, ‘ rHCrMitd Nat.,' tom. ii. p. 



» Mr. Orton. ‘Physiology of Breed- 
ing,’ 1855, p. 9. 

> Boitard and Corbid, ‘Lcs Pigeons, 
1824, p. 224. 

>• ‘ Los Pigeons,’ pp. 168, 198. 

■■ ‘ Das Gauze,’ Sc., 18S7, s. 39. 

“ ‘ 'Pbe Pigeon Book,' p. 46. 
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wi^ trampetere for three generations, by whieh time the mongrels Iiad 
7-8ths of this blood m their veins, yet the tuft over the beak did not 
appew. At the fourth generation the tuft appeared, but the birds, though 
now havmg 15-I6ths trumpeter’s blood, still did not trumpet This ctme 
woU shorn the wide differenee between iuheritanee and . prepotency ; for 
here we have a well-established old race which transmits its characters 
faithfully, but which, when crossed with any other race, has the feeblest 
power of transmitting its two chief characteristic qualities 
sti7fb T of weakness and 

to their crossed 

The Silk-fowl breeds true, and there is reason to behove is a v,.,„ 

but when I reared a large number of mongrels from a Silk-hen by a 
Span^h not one exhibited even a trace of the so^^Ued silkiness. Mr 
Hewitt also ^tls that in no instance are the silky feathers transmitted 
by this bre^ when cro^ with any other variety. But three birds out 
w T’'*?'* Orton from a cross between a silk-cock and a ban- 

tam-hen, had silky feathers. So that it is certain that this breed very 
seiaom has the power of transmitting its peculiar plumage to its crossed 
P«)geny. On the other hand, there is a^lk sub-^vZ^^^ of theZ^ 
pi^n, which hM ite feathers in nearly the same state as in the Silk-fowl ■ 
nw we have al^y seen that fantails, when crossed, possess singularly 
trai^itting their general qualities; but the silk sul^ 
SitsrilkyfeXllM*”' invariably trans- 

The law of prepotency comes into action when species are crossed as 
tto"ZeZh“Z‘!““'®r; ‘^'^“rhasunequivocaUy shown- that tliis 
f 6*™ instance: when Nicotiuna panicu- 

lalamdvm^^ora are crossed, the character of N. panicuhUa is^mLt 
^mpletely lost in the hybrid; but if N. jua^rioalZ be crossed Zh 
this Utter species, whieh w4 before so pre“,ri 

remarfeble Luhe preSy^oftL^SicZlfa^’Cto 

With animals, the jackal U prepotent over the dog. as U stated bv 
likewZtheZ rrith T hXiZ^h'Z animaU; and this was 

tXZ isZ'^tet’X*’ *h® ®^"®«°“Z(folfoZVtZ^rat 

mule resemble s the ass more cl osely than does the hinny.- The 

Mr“Hfw1t il^Tfe P’ »») a striking 

Tegetiueier 1866 p 224 ^ *“®****c® of prepotency in /JaiMm«(ramo- 

8 au reepect to the difference between the 
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mittcd in an unmodified state from cither parent-form ; I refer to this 
fact here becansc it is sometimes accompanied on the one side by prepotency, 
which thus acquires the false appearance of unusual strength. In the 
same chapter I shall show that the rate at which a species or breed absorbs 
and obliterates another by repeated crosses, depcnck in chief part on pre- 
potency in transmission. 



In conclusion, some of the cases above given, — for instance, 
that of the trumpeter pigeon, — prove that there is a wide dif- 
lerence between mere inheritance and prepotency. Tin’s latter 
power seems to us, in our ignorance, to act in most cases quite 
capriciously. The very same character, even though it be 
an abnormal or monstrous one, such as silky feathers, may be 
transmitted by different species, when crossed, either with 
prepotent force or singular feebleness. It is obvious, that a 
purely-bred form of either sex, in all csises in which prepotency 
does not run more strongly in one sex than the other, will 
transmit its character with prepotent force over a mongrelized 
and already variable form.*' From several of the above- 
given cases we may eou.dude that mere antiquity of character 
does not by any means necessarily make it prepotent. In 
some cases prepotency apparently depends on the same cha- 
racter being present and visible in one of the two breeds 
which are crossed, and latent or invisible in the other breed ; 
and in this case it is natural that the character which is poten- 
tially present in both should bo prepotent. Thus, we have 
reason to believe that there is a latent tendency in all horses 
to be dun-coloured and striped ; and when a horse of this kind 
is crossed with one of any other colour, it is said that the off- 
spring are almost sure to be striped. Sheep have a similar 
latent tendency to become dark-coloured, and we have seen with 
what prepotent force a rum with a few black spots, when crossed 
with white sheep of various breeds, coloured its offspring. All 
pigeons have a latent tendency to become slaty-blue, with certain 
characteristic marks, and it is known that, when a bird thus 
coloured is crossed with one of any other colour, it is most diffi- 
cult afterwards to eradicate the blue tint. A nearly parallel 
case is offered by those black bantams which, as they grow 



” Set mmc icmarks on lliia lic«d with respect 
‘ Gardner’s Chronicle,’ 1803, p. IS. 



sheep by Mr. Wilson, in 
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old, develop a latent tendency to acquire red feathers. But 
there are exceptions to the rule: hornless breeds of cattle 
possess a latent capacity to reproduce horn.s, yet when crossed 
with horned breeds they do not invariably produce offspring 
bearing liorna ® 



We meet with analogous cases with plants. Striped flowers, 
though they can be propagated truly by seed, have a latent ten- 
dency to become uniformly coloured, but when once crossed by 
a uniformly coloured variety, they ever afterwards fail to pro- 
duce striped seedlings." Another case is in some respects more 
curious: plants bearing peloric or regular flowers have so strong 
a latent tendency to reproduce their normally irregular flower^ 
that this often occurs by buds when a plant is trimsplanted into 
poorer or richer soil." Now I crossed the peloric snapdragon 
{Anlirrhimm majus), described in the last chapter, with pollen 
of the common form ; and the latter, reciprocally, with peloric 
pollen. I thus raised two great beds of seedlings, and not one 
was peloric. Naudin“ obtained the same result from crossing a 
peloric Linaria with the common form. I carefully examined the 
flowers of ninety plants of the crossed Antirrhinum in the two 
bods, and their structure had not been in the least afiected by tlie 
cross, except that in a few instances the minute rudiment of the 
fifth stamen, which is always present, was more fully or even 
completely developed. It must not be supposed that this entire 
obliteration of the peloric structure in the crossed plants can 
be' accounted for by any incapacity of transmission ; for I raised 
a large bed of plants from the peloric Antirrhinum, artificially 
fertilised by its own pollen, and sixteen plants, which alone 
survived the winter, were all as perfectly peloric as the parent- 
plant. Here we have a good instance of the wide diflerencc 
between the inheritance of a character and the power of trans- 
mitting it to crossed offspring. The crossed plants, which per- 
fectly resembled the common snapdragon, were allowed to sow 
themselves, and out of a hundred and twenty-seven seedlings, 
eighty-eight proved to be common snapdragons, two were in an 
intermediate eondition between the peloric and normal state. 



« Verlot, ‘Dcs 'VarittA.’ 1865, p. 66. 

*> Moquin-Tandon, • Tdnitologio,’ p. 19t. 

“ ‘ NouvcUes Aicliivea du Mueduin,’ tom. i. p. 137. 
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and thirty-seven were perfectly peloric, having reverted to the 
structure of their one grandparent. Tliis case seems at first sight 
to offer an exception to the rule formerly given, namely, that a 
character which is present in one form and latent in the other is 
generally transmitted with prepotent force when the two forms 
are crossed. For in all the Scrophulariacese, and especially in the 
genera Antirrhinum and Linaria, there is, as was shown in the last 
chapter, a strong latent tendency to become peloric ; and there 
is also, as we have just seen, a still stronger tendency in all 
peloric plants to reacquire their normal irregular structure. 
So that we have two opposed latent tendencies in the same plants. 
Now, with the crossed Antirrhinums the tendency to produce 
normal or irregular flowers, like those of the common Sna])- 
dragon, prevailed in the first generation ; whilst the tendency 
to pelorism, appearing to gain strength by the intermission of 
a generation, prevailed to a large extent in the second set of 
seedlings. How it is possible for a character to gain strength 
by the intermission of a generation, will be considered in the 
chapter on pangenesis. 

On the whole, the subject of prepotency is extremely intri- 
cate,— from its varying so much in strength, even in regai-d to 
the same character, in different animals, — from its running either 
equally in both sexes, or, as frequently is the case with animals, 
but not with plants, much stronger in the one sex than the 

other, — from the existence of secondary sexual characters, 

from the transmission of certain characters being limited, as we 
shall immediately see, by sex,— from certain characters not 
blending together,— and, perhaps, occasionally from the effects 
of a previous fertilisation on the mother. It is therefore not 
surprising that every one hitherto has been baffied in drawing 
up general rules on the subject of prepotency. 

Inlieritance as limited by Sex. 

New characters often appear in one sex, and are afterwards 
transmitted to the same sex, either exclusively or in a much 
greater degree than to the other. This subject is important, 
because with animals of many kinds in a state of nature, both 
high and low in the scale, secondary sexual characters, not in 
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any way directly connected with the organs of reprdnction, ate 
o ten conspicuously present With our domesticated animah 
also, these same secondary characters are often found to differ 
greatly from the state in which they exist in the pareTt 
species. And the principle of inheritance as limited hv sex 
shows how such characters might have been first acquired and 
subsequently modided. 



Dr. P. Lucas, who has collected many fects on this subject shows» 
that when a peculiarity, in no manner connected with the rep^nctiTe 
organs, appears m either parent, it is often transmitted exclusively to the 
ofepring of the same sex, or to a much greater number of them than of 
the qipomte sex. Thus, in the family of Lambert, the hom-Uko projections 
on the skm were transmitted from the father to his sons and grins 
“'.‘’"f’ “ °‘her cases of ichthyosis, with supernumerary 
digits, with a deficiency of digits and phalanges, and in a lesser degree 
with vanous diseases, especially with colour-blindness, and a haimorrhagie 
diathesis, that is, an extreme liability to profuse and uncontrollable 
bleeding from trifling wounds. On the other hand, mothers have trans- 
mitted, during several generations, to their daughters alone, supernumerary 
and deficient digits, colour-blindness, and other peculiarities. So that wo 
SCO that the very same peculiarity may become attached to cither sex, 
and bo long inherited by that sex alone; but the attachment in certain 
ca^ is much more frequent to one than the other sex. The same pecuU- 
arities also may bo promiscuously transmitted to either sex. Dr. Lucas gives 
otlier cases, showing that the male occasionally transmits his peculiarities 
to liis daughters alone, and the mother to her sons alone; but even in this 
case we see that inheritance is to a certain extent, though inversely, 
regulated by sex. Dr. Lucas, after weighing the whole evidence, comes 
to the conclusion that every peculiarity, according to the sex in which 
it first appears, tends to be transmitted in a greater or lesser d^e to 



A few details from the many cases collected by Mr. Sedgwick," may be 
here given, (^lour-blindncss, from some unknown cause, shows itself 
much oftener in males than in females ; in upwards of two hundred cases 
collected by Mr. Si^gwick, nine-tenths related to men; but it is eminently 
liable to bo transmitted through women. In the case given by Dr. Earle, 
membcis of eight related families w'ere affected during five generations: 
these families consisted of sixty-one individuals, namely, of thirty-two males, 
of whom nine-sixteenths were incapable of distinguMing colour, and of 
twenty-nine females, of whom only one-fifteenth were thus affected. Al- 



» ‘ Lronkl. Nat.,’ tom. it. pp. 137- 
1C5. See, also, Mr. Sedgwick’s four 
memoirs, immediately to Im} referred to. 
^ On Sexual Limitation in Heiedi> 



tary Diseaaea, ‘Brit and For. MeH.- 
Chirui^. Review,' April. 18t)l,p.477: 
July.p. 108; April, 1863, p. 445 ; and 
July, p. 159. 
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In Tanous breeds of the fowl the males and females often differ 

:X’G“me'::::wfh^t'tr“"^^^^ Ineenamstra^iet 

each other mom than the c^ks^^Xt 
stained with soot, the hens invariably have black skins and thri^'hl 
^vered by a black peristeum, whilst the^'oTat^: r 
thus charMtensed. Pigeons offer a more interesting ease- for thrTan 
Mies rarely differ throughout the whole great family, and the malre and 
are undistinguishable ; yet we have 
scon that Witt Pouters the male has the characteristic quality of pouting 
more strongly developed than the female; and in certL sifb-va*tire® 
the males alone are spotted or striated with black. When male and female 
EngMi carrier-pigeons are exhibited in separate pens, the difference in 
the development of the wattle over the beak and round the eyes is con- 
spicuous So that here we have instances of the appearance of socondaiy 
sexual characters in the domesticated races of a species in which such dif- 
ferences are naturally quite absent. 



On the other hand, secondary sexnal characters which pro- 
perly belong to the species are sometimes quite lost, or greatly 
diminished, under domestication. We see this in the small size 
of the tusks in our improved breeds of the pig, in comparison 
with those of the wild boar. There are sub-breeds of fowls 
in which the males have lost the fine-flowing tail-feathers and 
hackles; and others in which there is no difference in colour 
between the two sexes. In some cases the barred plumage, 
which in gallinaceous birds is commonly the attribute of the 
hen, has been transferred to the cock, as in the cuckoo sub- 
breeds. In other cases masculine characters have been partly 
transfeiTed to the female, as with the splendid plumage of the 
golden-spangled Hamburgh hen, the enlarged comb of the Spanisli 
hen, the pugnacious disposition of the Game hen, and as in the 
well-developed spurs which occasionally appear in the hens of 
various breeds. In Polish fowls both sexes are ornamented 
with a topknot, that of the male being formed of hackle-like 
feathers, and this is a new male character in the genus Gallus. 
On the whole, as for as I can judge, new charac-ters are more apt 



® Boilard and Corbid, ' Lea Pigeons,’ p. 173 ; Dr. F. Chapuis, ‘ Le Pigeon 
Voyngenr Delgc,’ 1SG5, p. 87. 
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to appear in tlie males of our domestieated animals than in 
the females, and afterwards to be either exclusively or more 
strongly inherited by the males. Finally, in accordance with 
the principle of inheritance as limited by sex, the apiiearance 
of secondary sexual characters in natural species offers no especial 
difficulty, and their subsequent increase and modification, if of 
any service to the species, would follow through that form of 
selection which in my ‘ Origin of Species ’ I have called sexual 
selection. 



Inheritance at corresponding periods of Life. 

This is an important subject Since the publication of my 
‘ Origin of Species,’ I have seen no reason to doubt the tnitli 
of the explanation there given of perhaps the most remark- 
able of all the facts in biology, namely, the difference between 
the embryo and the adult animal. The explanation is, that 
variations do not necessarily or generally occur at a very early 
period of embryonic growth, and that such variations are inhe- 
rited at a corresponding age. As a consequence of this the 
embryo, even when the parent-form undergoes a great amount 
of modification, is left only slightly modified ; and the embryos 
of widely-different animals which are descended from a common 
progenitor remain in many important respects like each other 
and their common progenitor. We can thus understand why 
embryology should throw a flood of light on the natural system of 
classification, for this ought to be as far as possible genealogical. 
When the embryo leads an independent life, that is, becomes a 
larva, it has to be adapted to the surrounding conditions in its 
structure and instincts, independently of those of its parents; 
and the principle of inheritauce at corresponding periods of life 
renders this possible. 

This principle is, indeed, in one way so obvious that it 
escapes attention. We possess a number of races of animals 
and plants, which, when compared with each other and with 
their parent-forms, present conspicuous differences, both in the 
immature and mature states. Look at the seeds of the several 
kinds of peas, beans, maize, which can be propagated truly, and 
see how they differ in size, colour, and shape, whilst the full- 
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grown plants differ but little. Cabbages on the other band differ 
greatly in foliage and manner of growth, but hardly at all i 
their seeds; and generally it wiU be found that the differences 
between cultivated plants at different periods of growth are not 
necessarily closely connected together, for plante may differ 
much m their seeds and little when fuU-grown, and conversely 
may yield seeds hardly distinguishable, yet differ much when fuU^ 
grown. In the seyeral breeds of poultry, descended from a single 
species, differences in the eggs and chickens, in the pluinnge at 
the first and subsequent moults, in the comb and wattles during 
maturity, are all iulierited. With man peculiarities in the milk 
and second teeth, of which I have received the details, are inhe 
ritable, and with man longevity is often transmitted. So a-aia 
with our improved breeds of cattle and sheep, early maturity 
including the early development of the teeth, and with certain 
breeds of fowl the early appearance of secondary sexual cha- 
racters, all come under the same head of inheritance at 
corresponding periods. 

Numerous analogous facts could be given. The silk-moth, 
perhaps, offers the best instance; for in the breeds which 
transmit their characters truly, the eggs differ in size, colour, 
and shape;— the caterpillars differ, in moulting three or four 
times, in colour, even in having a dark-coloured mark like an 
eyebrow, and in the loss of certain instincts;— the cocoons differ 
in size, shape, and in the colour and quality of the silk ■ these 
several differences being followed by slight or barely distin- 
guishable differences in the mature moth. 

Hut it may be said that, if iu the above cases a new pecu- 
liarity is inherited, it must be at the corresponding stage of 
development; for an egg or seed can resemble only an egg or 
seed, and the horn in a full-grown ox can resemble only a horn. 
Ihe following cases show inheritance at corresponding periods 
more plainly, because they refer to pecuUarities which might 
have suiwrvened, as far as we can see, earlier or later in life, 
yet are inherited at the same period at which they fimt ap- 
peared. 



porc«pine-Uke excrescences 
the father and sons at the same age, namely, about nin. 



appeared in 
weeks after 
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birth* In the extraordinary hairy family described by Mr. Crawfhrd,®“ 
children were produced during three generations with liairy ears ; in the 
father the hair began to grow over his body at six years old; in his 
daughter somewhat earlier, namely, at one year ; and in both generations 
the milk teeth appeared late in life, the permanent teeth being afterwards 
singularly deficient. Greyness of hair at an umisually early age has been 
transmitted in some families. These cases border on diseases inherited 
at corresponding periods of life, to which I shall immediately refer. 

It is a well-known peculiarity with almond-tumbler pigeons, that the 
full beauty and peculiar character of the plumage does not appear until 
the bird has moulted two or three times. Neumeister describes and 
figures a breed of pigeons in which the whole body is white except the 
breast, neck, and head; but before the first moult all the wliite feathers 
acquire coloured edges. Another breed is more remarkable: its first 
plumage is black, with rusty-red wing-bars and a crcscent-shaped 
mark on the breast; these marks then become white, and remain so 
during three or four moults ; but after this period the white spreads 
over the body, and the bird loses its beauty.* Prize canary-birds have 
their wings and tail black : " this colour, however, is only retained until 
" the first moult, so tliat they must be exhibited ere the change takes place. 
" Once moulted, the peculiarity has ceased. Of course all the birds emanating 
" from this stock have black wings and tails the first year.”* A curious 
and somewhat analogous account has been given* of a family of wild pied 
rooks which were first observed in 1798, near Chalfont, and which every 
year from that date up to the period of the published notice, viz. 1887, 
"have several of their brood particoloured, black and white. This 
" variegation of the plumage, however, disappears with the first moult; 
" but among the next young families there are always a few pied ones.” 
These changes of plumage, which appear and are inherited at various 
corresponding periods of life in the pigeon, canary-bird, and rook, are 
remarkable, because the parent-species undergo no such change. 

Inherited diseases afford evidence in some respects of less value than the 
foregoing cases, because diseases are not necessarily connected with any 
change m structure; but in other respects of more value, because the 
l»nods have been more carefully observed. Certain diseases are com- 
mumcated to the child apparently by a process like inoculation, and the 
child IS from the first affected; such cases may be hero passed over. Large 
classes of diseases usually appear at certain ages, such as St. Vitus’s dance 
in youth, coMumption in early mid-life, gout later, and apoplexy still 
later ; and these are naturally inherited at the same period. But even 
m diseases of this class, instances have been recorded, as with St. Vitus’s 



» Prichard, ‘Phyfl.HUt. of Mankind; 

1851, vol. i. p. 349. 

* ‘ Emba^ to the Court of Ara * 
toL i. p. 320. The third generation is 
dcacribcd by Capt. Yule in hii* ‘Narra- 
tive of tlio Mission to the Court of Ava,’ 
1855, p. 94. 



»• ‘Da8GanzederTaubcnzucht,’I837. 
8, 21, tab. i., fig. 4; 8. 24, tab. iv., 
fig. 2. 

® Kidd’s ‘ Treatise on the Canary.' 

p. 18. 

» Charlcsworth, ‘ Mag. of Nat HisU’ 
vol. i. 1837, p. 167. 
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dance, showing that an nnnsnally early or late tendency to tlie ai- nn , 
is inheritablo.®* In most cases the appearance of any inherited disease w 
largely determined by certain critical periods in each person’s life as wen 
as by unfavourable conditions. There are many other ■ 

are not attached to any particuliar period, but which certainly tend to 
appear in the child at about the same age at which the parent was first 
attacked. An array of high authorities, ancient and modem, could ho 
given in support of this proposition. The illustrious Hunter believed 
in it; and Piorry” cautions the physician to look closely to tlie child 
at the period when any grave inheritable disease attacked the parent 
Dr. Prosper Lucas,* after collecting facta from every source, asserts that 
affections of aU kinds, though not related to any particular period of life 
tend to reappear in the offspring at whatever period of life they first 
appeared in the pr<^nitor. 

As the subject is important, it may be well to give a few instances simply 
as illustrations, not as proof; for proof, recourse must be hod to the authi 
ritics above quoted. Some of the following cases have been selected for 
the sake of showing that, when a slight departure from the rule occurs 
the child is affected somewhat earlier in life than the parent. In the 
family of Le Compte blindness was inherited daring three generations, 
and no less than thirty-seven children and grandchildren were all affected' 
at about the same ago, namely seventeen or eighteen.® In another 
case a father and his four children all became blind at twenty-one years 
old; in another, a grandmother grew blind at thirty-five, her daughter at 
nineteen, and three grandchildren at the ages of thirteen and eleven." So 
with deafness, two brotliers, their father and paternal grandfather, all 
became deaf at the age of forty.* 

Esquirol gives several striking instances of insanity coming on at the 
same age, os that of a grandfather, father, and son, who all committed 
suicide near their fiftieth year. Many other cases could be given, as of 
a whole family who became insane at the ago of forty." Other cerebral 
affections eomotimes follow the same rule, — for instance, epilepsy and 
apoplesty. A woman died of the latter disease when sixty-three years old ; 
one of her daughters at forty-three, and the other at sixty-seven : the 
latter had twelve children, who all died from tubercular meningitia*' I 
mention this latter case because it illustrates a frequent occurrence, 
namely, a change in the precise nature of an inherited disease, though 
still affecting the same organ. 



* Dr. Prosper Lucas, ‘He'red, Nat.,’ 

" ‘L’H(!re(l. dans les Maladies,’ 1840, 
p. 135. For Hunter, ses Harlan’s 
• Med. Kescarches,’ p. 530. 

“ ‘ L’Hetdd. Nat.,’ tom. U. p. 850. 

» Sedgwick, ‘ Brit, and For. Mcd.- 
Chirurg. Eoviow,’ April, 1861, p. 485. 
I have seen three accounts, all taken 
from tho same original authority (which 



I have not been able to consult), and all 
differ in the details ! but as they agree 

quote this case. 

“ Prosper Lucas, ‘HdrcM. Nat.’ tom. 
i. p. 400. 

* Sedgwick, idem, July, 1861, p. 202. 

* Piorry, p. 109: Prosper Lucas, 

" Prosper Lucas, tom. ii. p. 748. 
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Asthma has attacked several members of the same family when forty 
years old, and other families during infancy. The most different diseases, as 
angina pectoris, stone in tho bladder, and various affections of the skin, 
have appeared in successive generations at nearly the same age. The little 
finger of a man liegan from some unknown cause to grow inwards, and 
the same finger in his two sons began at the same age to bend inwards in a 
similar manner. Strange and inexplicable neuralgic affections liave caused 
parents and children to suffer agonies at about the some period of life." 

I will give only two other cases, which are intetosting as illustrating the 
disappearance as well as the appearance of disease at the same age. Two 
brothers, their father, their paternal uncles, seven cousins, and their 
paternal grandfather, were all similarly affected by a skin-disease, called 
pityriasis versicolor ; “ the disease, strictly limited to tho males of tho 
family (though tiansmittcd through the females), usually appeared at 
puberty, and disappeared at about the age of forty or forty-five years.” 
The second case is that of four brothers, who when about twelve years old 
suffered almost every week from severe headaches, which were relieved 
only by a recumbent position in a dark room. Their father, paternal 
uncles, paternal grandfather, and paternal granduncles all suffered in the 
same way from headaches, which ceased at the age of fifty-four or fifty-five 
in all those who lived so long. None of the females of tho family were 
affected." 



It is impossible to read the foregoing accounts, and the 
many others which have been recorded, of diseases coming 
on during three or even more generations, at the same 
age in several members of the same family, especially in the 
case of rare affections in which the coincidence cannot be 
attributed to chance, and doubt that there is a strong tendency 
to inheritance in disease at corresponding periods of life. 
When the rule fails, the disease is apt to come on earlier in the 
child than in the parent; the exceptions in the other direc- 
tion being very much rarer. Dr. Lucas « alludes to several 
cases of inherited diseases coming on at an earlier period. I 
have already given one striking instance with blindness during 
three generations ; and Mr. Bowman remarks that this frequently 
occurs with cataract. With cancer there seems to be a peculiar 
liability to earlier inheritance : Mr. Paget, who has particularly 



« Prosper Lucas, tom. ii. pp. G78, 
.700, 702; Sedgwick, idem, April, 1863. 
p. 449, and July. 1803, p. 162 ; Dr. j! 
Stcinan, ‘ Essay on Hereditary Disease,’ 



« These cases are given by Mr. 
Sedgwick, on tho authority of Dr. H. 
Stewart, in ' Med.-Chirurg. Review,’ 
April, 1863, pp. 449, 477. 

“ ' Udred. Nat.,' tom. ii. p. 852. 
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attended to this subject, and tabulated a large number of oases, 
informs me that he believes that in nine cases out of ten the 
later generation suffers from the disease at an earlier period than 
the previous generation. He adds, “ In the instances in which 
the opposite relation holds, and the members of later genera- 
tions have cancer at a later age than their predecessors, I think 
it will be found that the non-cancerous parents have lived to 
extreme old ages.” So that the longevity of a non-affected 
parent seems to have the power of determining in the offsprin"’ 
the fatal period ; and we thus apparently get another element 
of complexity in inheritance. 

The facts, showing that with certain diseases the period 
of inheritance occasionally or even frequently advances, are 
important with respect to the general descent-theory, for they 
render it in some degree probable that the same thing would 
occur with ordinary modifications of structure. The final result 
of a long series of such advances would be the gradual oblite- 
ration of characters proper to the embryo and larva, which 
would thus come to resemble more and more closely the mature 
parent-form. But any structure which was of service to the 
embrj'o or larva would be preserved by the destruction at this 
stage of growth of each individual which manifested any ten- 
dency to lose at too early an age its own proper character. 

Finally, from the numerous races of cultivated plants and 
domestic animals, in which the seed or eggs, the young or 
old, differ from each other and from their parent-species; — 
from the cases in which new characters have appeared at a 
particular period, and afterwards have been inherited at the 
same period ; — and from what we know with respect to disease, 
we must believe in the truth of the great principle of inherit- 
ance at corresponding periods of life. 



Summary of the three yrecediny Chapters. — Strong as is the 
force of inheritance, it allows the incessant njipearance of new 
characters. These, whether beneficial or injurious, of the most 
trifiing importance, such as a shade of colour in a flower, a 
coloured lock of hair, or a mere gesture; or of the highest 
importance, as when affecting the brain or an organ so perfect 
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and complex as the eye ; or of so grave a nature as to deserve 
to be called a monstrosity, or so peculiar as not to occur 
normally in any member of the same natural class, are all 
sometimes strongly inherited by man, the lower animals, and 
plants. In numberless cases it suffices for the inheritance of a 
peculiarity that one parent alone should be thus characterised. 
Inequalities in the two sides of the body, though opposed to 
the law of symmetry, may be transmitted. There is a con- 
siderable body of evidence showing that even mutilations, and 
the effects of accidents, especially or perhaps exclusively when 
followed by disease, are occasionally inherited. There can be 
no doubt that the evil effects of long-continued exposure in 
the parent to injurious conditions are sometimes transmitted 
to the offspring. So it is, as we shall see in a future chapter, 
mth the effects of the use and disuse of parts, and of mental 
habits. Periodical habits are likewise transmitted, but generally, 
ns it would appear, with little force. 

Hence we are led to look at inheritance as the rule, and 
non-inheritance as the anomaly. But this power often appears 
to us in our ignorance to act capriciously, transmitting a cha- 
racter with inexplicable strength or feebleness. The very 
^me peculiarity, as the weeping habit of trees, silky-feathers, 
&c., may be inherited either firmly or not at all by different 
members of the same group, and even by different individuals 
of the same species, though treated in the same manner. In 
this latter case we see that the power of transmission is a 
quality which is merely individual in its attachment. As with 
single characters, so it is with the several concurrent slight 
differences which distinguish sub-varieties or races; for of these, 
some ^n be propagated almost as truly as species, whilst other^ 
cannot be relied on. The same rule holds good with plants, 
when propagated by bulbs, offsets, &c., which in one sense still 
tom parts of the same individual, for some varieties retain or 
inherit through successive bud-generations their character far 
more truly than others. 

Some characters not proper to the parent-species have cer- 
ly been inherited from an extremely remote epoch, and may 
firmly fixed. Butitis doubtfnl whether 
length of^mhentance in itself gives fixedness of character ; though 
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the chances are obviously in favour of any character which has 
long been transmitted true or unaltered, still being transmitted 
true as long as the conditions of life remain the same. We 
know that many species, after having retained the same character 
for countless ages, whilst living under their natural conditions, 
when domesticated have varied in the most diversified manner, 
tliat is, have failed to transmit their original form ; so that no 
character appears to be absolutely fixed. We can sometimes 
account for the failure of inheritance by the conditions of life 
being opposed to the development of certain characters; and 
still oftener, as with plants cultivated by grafts and buds, by 
the conditions causing new and slight modifications incessantly 
to appear. In this latter case it is not that inheritance wholly 
fails, but that new characters are continually superadded. Id 
some few cases, in which both parents are similarly charac- 
terised, inheritance seems to gain so much force by the com- 
bined action of the two parents, that it counteracts its own power, 
and a new modification is the result. 

In many cases the failure of the parents to transmit their 
likeness is due to the breed having been at some former period 
crossed ; and the child takes after his grandparent or more 
remote ancestor of foreign blood. In other cases, in which the 
breed has not been crossed, but some ancient character has 
been lost through variation, it occasionally reappears through 
reversion, so that the parents apparently fail to transmit their 
own likeness. In all cases, however, we may safely conclude 
that the child inherits all its characters from its parents, in 
whom certain characters are latent, like the secondary sexual 
characters of one sex in the other. When, after a long suc- 
cession of bud-generations, a flower or fruit becomes separated 
into distinct segments, having the colours or other attributes 
of both parent-forms, we cannot doubt that these characters 
were latent in the earlier buds, though they could not then 
be detected, or could be detected only in an intimately com- 
mingled state. So it is with animals of crossed parentage, which 
with advancing years occasionally exhibit characters derived 
from one of their two parents, of which not a trace could at 
first be perceived. Certain monstrosities, which resemble wtot 
naturalists call the typical form of the group in question. 
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apparently come under the same law of reversion. It is assuredly 
an astonishing fact that the male and female sexual elements, 
that buds, and even full-grown animals, should retain characters, 
during several generations in the case of crossed breeds, and 
during thousands of generations in the case of pure breeds, 
written as it were in invisible ink, yet ready at any time to 
be evolved under the requisite conditions. 

What these conditions are, wo do not in many cases at all 
know. But the act of crossing in itself, apparently from causing 
some disturbance in the organisation, certainly gives a strong 
tendency to the reappearance of long-lost characters, both cor- 
poreal and mental, independently of those derived from the 
cross. A return of any species to its natural conditions of life, 
as with feral animats and plants, favours reversion; though it is 
certain that this tendency exists, we do not know how far it pre- 
vails, and it has been much exaggerated. On the other hand, 
the crossed offspring of plants which have had their organisation 
disturbed by cultivation, are more liable to reversion than the 



crossed offspring of spec 
natural conditions. 

When distinguishable 
or species are crossed, w< 
over the other in transmi 



I which have always lived under their 



3 individuals of the same family, or races, 
e see that the one is often prepotent 
mitting its own character. A race may 
possess a strong power of inheritance, and yet when crossed 
as we have seen with trumpeter-pigeons, yield to the prepo- 
tency of every other race. Prepotency of transmission may be 
equal in the two sexes of the same species, but often runs more 
strongly in one sex. It plays an important part in determining 

by repeated crosses with another. We can seldom tell what 

T it some- 

times depends on the same eharacter being present and visible 
in one parent, and latent or potentially present in the other. 

Charecters may first appear in either sex, but oftener in the 

-in this case we may feel con- 



ijj A , .1 we may leei con- 

hden that the pecubarityin question is really presLt though 
atent m the op^site sex; hence the father may transmit 
through his daughter any character to his grandson ; and the 
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mother conversely to her granddaughter. We thus learn, and 
the fact is an important one, that transmission and development 
are distinct powers. Occasionally these two powers seems to be 
antagonistic, or incapable of combination in the same individual ; 
for several coses have been recorded in which the son has not 
directly inherited a character from his father, or directly trans- 
mitted it to his son, but has received it by transmission through 
his non-affected motlier, and transmitted it through his non- 
afifected daughter. Owing to inheritance being limited by sex, 
we can see how secondary sexual characters may first have 
arisen under nature ; their preservation and accumulation being 
dependent on their service to either sex. 

At whatever period of life a new character first appears, 
it generally remains latent in the offspring until a corresponding 
age is attained, and then it is developed. When this rule fails, 
the child generally exhibits the character at an earlier period 
than the parent. On this principle of inheritance at corre- 
sponding periods, we can understand how it is that most animals 
display from the germ to maturity such a marvellous succession 
of characters. 

Finally, though much remains obscure with re.spect to In- 
heritance, we may look at the following laws as fairly well esta- 
blished. Firstly, a tendency in every character, new and old, to 
be transmitted by seminal and bud generation, though often 
counteracted by various known and unknown causes. Secondly, 
reversion or atavism, wliich depends on transmission and 
development being distinct powers : it acts in various degrees 
and manners through both seminal and bud generation. Thirdly, 
prepotency of transmission, which may be confined to one sex, 
or be common to both sexes of the prepotent form. Fourthly, 
transmission, limited by sex, generally to the same sex in which 
the inherited character first appeared. Fifthly, inheritance at 
corresponding periods of life, with some tendency to the earlier 
development of the inherited character. In these laws of In- 
heritance, as displayed under domestication, we see an ample 
provision for the production, through variability and natural 
selection, of new specific forms. 
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IBEI IXTEBCBOSSrsO OBUTBRATES THE DIPPKRENCES BETR-EEX ALLIED BHEEDS — 
WHEN THE SIMBEB3 OP TWO OOMMISOLIEO BBEEDS AEE LXEQUAL, OSE ABSOBB3 
THE OTHER — THE HATE OP AB60RPTI0S DETERMIXED BY PHEPOTEXCY OP TBAXS- 
HtseiON, BY THE COSDmoSS OP LIFE, AX'D BY SATTBAL SELECTION — ALL OR- 
OANIO BEIN08 OCCASIONALLY IXTEBCB08S ; APPARENT EXCEPTIOX8 — ON CEBTAIN 
tHARACTEES I.NCAPABLE OF PC8ION ; CHIEFLY OB EXCLCSIYELY THOSE WHICH 




IIAYE BRED TREE PROM THEIR FIRST PBODCCTION — ON THE CROSSING OF DISnXOT 
SI-ECTES IN RELATION TO THE FORMATION OP DOMESTIC RACES. 



In the two previous chapters, when discussing reversion and 
prepotency, I was necessarily led to give many facts on crossing. 
In the present chapter I shall consider the part which crossing 
plays in two opposed directions, — firstly, in obliterating cha- 
racters, and consequently in preventing the formation of new 
races ; and secondly, in the modification of old races, or in the 
formation of new and intermediate races, by a combination of 
characters. 1 shall also show that certain characters are incap- 
able of fusion. 

The effects of free or uncontrolled brooding between the 
members of the same variety or of closely allied varieties 
are important ; but are so obvious that they need not be dis- 
cussed at much length. It is free intercrossing which chiefly 
gives uniformity, both under nature and under domestication, 
to the individuals of the same species or variety, when they 
live mingled together and are not exposed to any cause inducing 
excessive variability. The prevention of free crossing, and the 
intentional matching of individual animals, are the corner-stones 
of the breeder’s art. No man in his senses would expect to 
improve or modify a breed in any particular manner, or keep 
an old breed true and distinct, unless he separated his animals. 
The killing of inferior animals in each generation comes to the 
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same thing as their separation. In savage and semi^jivilised 
countries, where the inhabitants have not the means of sepa- 
rating their animals, more than a single breed of the same 
species rarely or never exists. In former times, even in a 
country so civilised as North America, there were no distinct 
races of sheep, for all had been mingled together.' The cele- 
brated agriculturist Marshall" remarks that “sheep that are 
“ kept within fences, as well as shepherded flocks in open 
“ countries, have generally a similarity, if not a uniformity, 
“ of character in the individuals of each flock ; ” for they breed' 
freely together, and are prevented from crossing mth other 
kinds; whereas in the unenclosed parts of England the un- 
shepherded sheep, even of the same flock, are far from true or 
uniform, owing to various breeds having mingled and crossed. 
We have seen that the half-wild cattle in the several British 
parks are uniform in character in each ; but in the different 
parks, from not having mingled and crossed during many gene- 
rations, they differ in a slight degree. 

We cannot doubt that the extraordinary number of varieties 
and sub-varieties of the pigeon, amounting to at least one hun- 
dred and fifty, is partly duo to their remaining, differently from 
other domesticated birds, paired for life when once matched. 
On the other hand, breeds of cats imported into this country 
soon disappear, for their nocturnal and rambling habits render 
it hardly possible to prevent free crossing. Eengger" gives an 
interesting case with respect to the cat in Paraguay : in all the 
distant parts of the kingdom it has assumed, apparently from 
the effects of the climate, a peculiar character, but near the 
capital this change has been prevented, om'ng, as he asserts, 
to the native animal frequently crossing with cats imported 
from Europe. In all cases like the foregoing, the effects of an 
occasional cross will be augmented by the increased vigour and 
fertility of the crossed offspring, of which fact evidence will 
hereafter be given ; for this will lead to the mongrels increasing 
more rapidly than the pure parent-breeds. 

‘ CommunicalioM to the Board of land,’ 1808, p. 200. 

Agriculture, yoh i. p. 307. » < Siugethicre von Paragnny,’ 1830, 

• ‘ Review of Reports, North of Eng- s. 212. 
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When distinct breeds are allowed to cross freely, the result 
will be a heterogeneous body; for instance, the dogs in Para- 
guay are far from uniform, and can no longer be affiliated to 
their parent-races.* The character which a crossed body of 
animals will ultimately assume must depend on several con- 
tingencies, — namely, on the relative numbers of the individuals 
belonging to tho two or more races which are allowed to mingle ; 
on the prepotency of one race over the other in the transmission 
of character; and on the conditions of life to which they are 
exposed. When two commingled breeds exist at first in nearly 
equal numbers, the whole will sooner or later become intimately 
blended, but not so soon, both breeds being equally favoured in 
all respects, as might have been expected. The following cal- 
culation* shows that this is the case : if a colony with an 
equal number of black and white men were founded, and we 
assume that they marry indiscriminately, are equally prolific, 
and that one in thirty annually dies and is bom ; then “ in 65 
“ years the number of blacks, whites, and mulattoes would be 
“ equal. In 91 years the whites would be 1-lOth, the blacks 
“ 1-lOth, and the mulattoes, or people of intermediate degrees of 
“ colour, 8-lOths of the whole number. In three centuries not 
“ 1-lOOth part of the whites would exist.” 

When one of two mingled races exceeds the other greatly in 
number, the latter will soon be wholly, or almost wholly, absorbed 
and lost.* Thus European pigs and dogs have been largely 
introduced into the islands of the Pacific Ocean, and the native 
races have been absorbed and lost in the course of about 
fifty or sixty years;’ but the imported races no doubt were 
favoured. Rats may be considered as semi -domesticated 
animals. Some snake-rats {Mus aUxandrinua) escaped in the 
Zoological Gardens of Loudon, “ and for a long time afterwards 
•• the keepers frequently caught cross-bred rats, at first half-breds, 
*• afterwards with less and less of tho character of the snake-rat, 
“ till at length all traces of it disappeared.® On the other hand. 



* Rongger, ‘ Saugethiere,’ 4c., s. 1S4. 
‘ White, 'Regular GmdatioD in Man,’ 
p. Ufl. 

‘ Dr. W. F. Edworda, in hie ‘ Charoe- 
tiaroa Phyaiolog. dea Raws Ilumuinee,’ 



ject, and ably diaenaaed it. 

t Rev. D. Tyerman, and Bennett, 
‘Journal ot Voyages,’ 1821-1829, vol. 
i. p. 300. 

“ Mr. S. J. Salter, ’Journal Linn. 
Soc.,-vol.vL,lS02.p. 71. 
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m some parts of London, especially near the doclts, where fresh 
rats are frequently imported, an endless variety of intermediate 
forms may be found between the brown, black, and snake rat 
whicli are all three usually ranked as distinct species. ’ 

How many generations are necessary for one species or race to 
absorb another by repeated crosses has often been discussed;* 
and the requisite number has probably been much exagge- 
rated. Some writers have maintained that a dozen, or score 
or even more generations, are necessary; but this in itself is 
improbable, for in the tenth generation there will be only 
l-1024th part of foreign blood in the offspring. Gartner found,i» 
that with plants one species could be made to absorb another in 
from three to five generations, and he believes that this could 
always be effected in from six to seven generations. In one 
instance, however, Kolreuter“ speaks of the offspring of Mira- 
bilis yulgarig, crossed during eight successive generations by M. 
longiflora, as resembling this latter species so closely, that the 
most scrupulous observer could detect “ vix aliquam notabilem 
differentiam;” — he succeeded, as he says, “ad plenariam fere 
transmutationem.” But this expression shows that the act of 
absorption was not even then absolutely complete, though these 
crossed plants contained only the l-256th part of M. vulgarie. 
The conclusions of such accm-ate observers as Gartner and 
Kolreuter are of far higher worth than those made without 
scrientific aim by breeders. The most remarkable statement 
which I have met with of the persistent endurance of the effects 
of a single cross is given by Fleischmann,“ who, in reference 
to German sheep, says “ that the original coarse sheep have 
“ 5500 fibres of wool on a square inch ; grades of the third or 
“ fourth Merino cross produced about 8000, the twentieth cross 
“ 27,000, the perfect pure Merino blood 40,000 to 48,000.” So that 
in this case common German sheep crossed twenty times succes- 
sively with Merinos have not by any means acquired wool as fine 
as that of the pure breed. In all cases, the rate of absorption will 



’ Sturm, ‘ Uebcr Bacon, 4c.,’ 182i>, a. 
107. Bronn, ‘ Gcsebichto dor Natur,’ 
b. a. 8. 170. gives a table of the propor- 

Dr. P. Lucas. ‘ 1 HdnMitc Nat.,’ tom. iii 
p. 308. 



’• ‘ Baatarderzeugung,' s. 463, 470. 

■' ‘Nova Acta Petrop.,’ 1794, p. 393: 
see also previous volume. 

** As quoted in the * True Principles 
of Breeding,’ by 0. H. llacknigbt and 
Dr. H. Madden, 1803. p. 11. 
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depend largely on tlio conditions of life being favourable to any 
particular character ; and we may suspect that there would bo 
under the climate of Germany a constant tendency to degene- 
ration in the wool of Merinos, unless prevented by careful 
selection ; and thus perhaps the foregoing remarkable case may 
be explained. The rate of absorption must also depend on tho 
amount of distinguishable difference between the two forms 
which are crossed, and especially, as Gartner insists, on pre- 
jwtency of transmission in the one form over the other. Wo 
have seen in the last chapter that one of two French breeds 
of sheep yielded up its character, when crossed with Merinos, 
very much slower than the other; and the common German 
sheep referred to by Fleischmann may present an analogous 
case. But in all cases there will be during many subsequent 
generations more or less liability to reversion, and it is this fact 
which has probably led authors to maintain that a score or more 
of generations are requisite for one race to absorb another. In 
considering the’ final result of the commingling of two or more 
breeds, we must not forget that the act of crossing in itself 
fends to bring back long-lost characters not proper to the 
immediate parent-forms. 

With respect to the influence of tho conditions of life on any 
two breeds which are allowed to cross freely, unless both are 
indigenous and have long been accustomed to the country where 
they live, they will, in all probability, be unequally affected by 
the conditions, and this will modify the result. Even with indi- 
genous breeds, it will rarely or never occur that both are equally 
well adapted to the surrounding circumstances ; more especially 
when permitted to roam freely, and not carefully tended, as will 
generally be the case with breeds allowed to cross. As a con- 
sequence of this, natural selection will to a certain extent come 
into action, and the best fitted will survive, and this will aid in 
determining the ultimate character of the commingled body. 

How long a time it will require before such a crossed body 
of animals would assume within a limited area a uniform cha- 
racter no one can say; that they would ultimately become 
uniform from free intercrossing, and from the survival of the 
fittest, we may feel assured; but the character thus acquired 
would rarely or never, as we may infer from the several previous 
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considerations, be exactly intermediate between that of the two 
parent-breeds. With respect to the very slight differences 
by which the individuals of the same snb-variety, or even of 
allied varieties, are characterised, it is obvious that free crossing 
would soon obliterate such small distinctions. The formation 
of new varieties, independently of selection, would also thus be 
prevented ; except when the same variation continually recurred 
from the action of some strongly predisposing cause. Hence we 
may conclude that free crossing has in all oases played an im- 
portant part in giving to all the members of the same domestic 
race, and of the same natural species, uniformity of character, 
though largely modified by natural selection and by the direct 
action of the surrounding conditions. 

On the poisibilily of all organic beings occasionally intercrossing. 
— ^But it may be asked, can free crossing occur with herma- 
phrodite animals and plants? All the higher animals, and the 
few insects which have been domesticated, have separated sexes, 
and must inevitably unite for each birth. With respect to the 
crossing of hermaphrodites, the subject is too large for the pre- 
sent volume, and will be more properly treated in a succeeding 
work. In my ‘ Origin of Species,’ however, I have given a 
short abstract of the reasons which induce me to believe that 
all organic beings occasionally cross, though perhaps in some 
cases only at long intervals of time.” I will here just recall 
the fact that many plants, though hermaphrodite in structure, 
are unisexual in function such as those called by C. K. 
Sprengel dichogamous, in which the pollen and stigma of the 
same flower are matured at difierent periods; or those called 
by me reciprocally dimorphic, in which the flower’s oivn pollen 
is not fitted to fertilise its own stigma; or again, the many 
lands in which curious mechanical contrivances exist, efiec- 
tually preventing self-fertilisation. There are, however, many 
hermaphrodite plants which are not in any way specially con- 
structed to favour intercrossing, but which nevertheless com- 
mingle almost os freely as animals with separated sexes. This 
is the case with cabbages, radishes, and onions, as I know from 

With respect to plants, an admir- 1807) has lately been published by Dr. 
able essay on this subject (Die Geseh- Hildebrand, who atrives at the samo 
leclitcr-VcrtlicUuHg bei den Pilanzen : general conclusions ns I liavo done. 
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Iiaving experimented on them : even the peasants of Liguria 
say that cabbages must be prevented “ from falling in love ” 
with each other. In the orange tribe, Gallesio'* remarks that 
the amelioration of the various kinds is checked by tlieir con- 
tinual and almost regular crossing. So it is with numerous 
other plants. 

Nevertheless some cultivated plants can he named which rarely 
intercross, as the common pea, or which never intercross, as I 
have reason to believe is the case with the sweet-pea {Lathyrus 
odoratu£); yet the structure of these flowers certainly favours 
an occasional cross. The varieties of the tomato and aubergine 
{Solatium) and pimenta (JPimmta vulgaris f) are said’® never 
to cross, even when growing alongside each other. 13ut it should 
be observed that these are all exotic plants, and we do not know- 
how they would behave in their native country when visited by 
the proper insects. 

It must also be admitted that some few natural species 
appear under our present state of knowledge to ho perpetually 
self-fertilised, as in the case of the Bee Ophrys (0. apifera), 
though adapted in its structure to be occasionally crossed. The 
Leersia orgzoides produces minute enclosed flowers which cannot 
possibly be crossed, and these alone, to the exclusion of the 
ordinary flowers, have as yet been known to yield seed.'® A 
few additional and analogous cases could be advanced. But 
these facts do not make me doubt that it is a general law of 
nature that the individuals of the some species occasionally in- 
tercross, and that some great advantage is derived from this act. 
It is well known (and I shall hereafter have to give instances) 
that some plants, both indigenous and naturalised, rarely or 
never produce flowers ; or, if they flower, never produce seeds. 
But no one is thus led to doubt that it is a general law of nature 
that phanerogamic plants should produce flowers, and that 
these flowers should produce seed. When they fail, we believe 
that such plants would perform their proper functions under 
difierent conditions, or that they formerly did so and will do 
so again. On analogous grounds, I believe that the few flowers 

'* ‘Teoria deUa Riproduzione Vegetal,’ 1810. p. 12. 

w Verlot, ' Dee Varietes,' 1805, p. 72. 

“ Daval'Joavc, ‘Boa See. Bot. de I'raace,’ tooL x., 1803, p. 134. 
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which do not now intercross, either would do so under diflerent 
conditions, or that they formerly fertilised each other at intervals 
—the means for effecting this being generally still retained— 
and they will do so again at some future period, unless indeed 
they become extinct. On this view alone, many points in the 
stnicture and action of the reproductive organs in hermaphrodite 
plants and animals are intelligible,— for instance, the male and 
female organs never being so completely enclosed as to render 
access from without impossible. Hence we may conclude that 
the most important of all the means for giving uniformity 
to the individuals of the same species, namely, the capacity 
of occasionally intercrossing, is present, or has been formerly 
present, with all organic beings. 



On certain Charaeiert not blending . — \Vhen two breeds are crossed their 
characters usually become intimately fused together; but some characters 
refuse to blend, and are transmitted in an unmodified state either from 
both parents or from one. When grey and white mice are paired, the 
young are not piebald nor of an intermediate tint, but are pure white or 
of the ordinary grey colour : so it is when white and common collared turtle- 
doves are paired. In breeding Game fowls, a great authority, Mr. J. 
Douglas, remarks, “ I may hero state a strange fact : if you cross a black 
with a white game, you got birds of botli breeds of the clearest coleur.” 
Sir B. Heron crossed during many years white, black, brown, and fawn- 
coloured Aiigora rabbits, and never once got these colours mingled in 
the same animal, but often all four colours in the same litter.” Additional 
cases could be given, but this form of inheritance is very far from universal 
even with respect to the most distinct colours. When turnspit dogs and ancon 
sheep, both of which have dwarfed lirnlw, are crossed with common breeds, 
the ofbpring are not intermediate in structure, but take after either parent 
Wliea tailless or hornless animals are crossed with perfect animals, it 
frequently, but by no means invariably, happens that the o&pring am 



” Extract of a letter from Sir R. 
Heron, 1838, given me by Mr. Yarrcll. 
With respect to mice, tee ‘ Annal. dos 
So. Nat.,' tom. i. p. 180; and I havo 
heard of other similar cases. For 
turtle-doves, Doitard and Corbie, ‘Les 
Pigeons,’ Ac., p. 238. For the Game fowl, 
• The Poultry Book,’ I860, p. 128. For 
crosses of tailless fowls, m Beebstein, 
‘Natnrges. Deutsch.’ b. iii. a 403. 
Broun, • Geschiebte der Natur,’ b. U. a 
170, gives analogous frets with horsca 
On the liairless condition of crossed 



South American dogs, tee Rcnggcr. 
‘Sangethiere von Paraguay,’ a 152; 
but I saw in the Zoological Gardens 
mongrels, from a similar cross, which 
wore hairless, quite hairy, or hairy 
in patchca that ia piebald with hair. 
For crosses of Dorking and other fowla 
see ‘Poultry Chroniclo,’ vol. ii p. 35.'). 
About the crossed pigs, extract of letter 
from Sir E. Heron to Mr. Yorroll. 
For other cases, tee P. Lucas, ‘Hdred. 
Nat,’ tom. i. p. 212. 
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oitlier perfectly fumislied with these organs or are quite destitute of them. 
According to Eengger, the hairless eondition of the Paraguay dog is either 
perfectly or not at all transmitted to its mongrel o^pring ; but I have seen 
one partial exception in a dog of this parentage which had part of its skin 
hairy, and part naked ; tlie parts being distinctly scjiarated as in a piebald 
animal. WHien Dorking fowls with five toes are crossed witli other breeds, 
the chickens often have live toes on one foot and four on the other. Some 
crossed pigs raised by Sir It. Heron beetwen the solid-hoofed and common 
pig had not all four feet in an intermediate condition, but two feet were 
furnished with properly divided, and two with united hoofs. 

Analogous facts have been observed with plants : Miyor Trevor Clarke 
crossed the little, glabrous-leaved, annual stock {Matthiola), with pollen of 
a large, red-flowered, rough-leaved, biennial stock, called cocardeau by tho 
French, and tho result was that half tho seedlings had glabrous and tho 
other half rough leaves, but none hod leaves in on intermediate state. That 
the glabrous seedlings were the product of the rough-leaved variotj-, and not 
accidentally of the mother-plant’s own pollen, was shown by tlieir tall and 
strong habit of growth.” In the succeeding generations raised from tho 
rough-leaved crossed seedlings, some glabrous plants api>eorc<l, showing 
that the glabrous character, though incapable of blending with and modi- 
fying tho rough leave.s, was all the time latent in this family of plants. Tho 
numerous plants formerly referred to, which I raised from reciprocal crosses 
between tho peloric and common Antirrhinum, offer a nearly parallel case ; 
for in the flrst generation' all the plants resembled the common form, and 
in tho next generation, out of one hundred and thirty-seven plants, two 
alone were in an intermediate condition, the otlicrs perfectly resembling 
either tho peloric or common form. Major Trevor Clarke also fertilised tho 
above-mentioned red-flowered stock with pollen from tho purple Queen 
stock, and about half the seedlings scarcely differed in habit, and not at all 
in tho rod colour of the flower, from the mother-plant, the otlior half bearing 
blossoms of a rich purple, closely like those of the paternal plant Gartner 
crossed many white and yellow-flowered species and varieties of Verbasemn ; 
and these colours were never blended, but tho offipring boro either pure 
white or pure yellow blossoms; the former in the larger proportion.” 
Dr. Herbert raised many seedlings, os ho informed mo, from Swedish 
turnips crossed by two other varieties, and these never produced flowers 
of on intermediate tint, but always like one of their parents. I fertilised 
the purple sweet-pea (Lathyrm odoratvt), which has a dark reddish-purple 
standard-petal and violet-coloured wings and keel, with pollen of tho painted- 
lady sweet-pea, which has a pale cherry-coloured standard, and almost 
white wings fmd keel; and from tho same pod 1 twice raised plants per- 
fectly resembling both sorts ; the greater number resembling the father. 
So perfect was tho resemblance, that I should have thought there had 



' internat. Hort. and Bot. Congress 
of London,’ 

w ‘Bostarderzeugung,’ s. 307. Kol- 
renter (‘ Dritto Fortsetszung,’ s. 34, 39), 
however, obtained intormediato tints 



from similar crosses in tho genus Ver- 
bascum. With rcspoct to the turnips, 
»e« Herbert’s ‘ AmarjdlidacesB,’ 1837, 
p. 370. 
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been soma mistake, if the plants which were at first identical with the 
paternal variety, namely, the painted-lady, had not later in the season 
produced, as mentioned in a former chapter, flowers blotched and streaked 
with dark purple. I raised grandchildren and great-grandchildren &um 
these crossed plants, and they continued to resemble the painted-lady, but 
during the later generations became rather more blotchal with purple, 
yet none reverted completely to the original mother-plant, the purple 
sweet-pea. The following case is sUghtly diflerent, but still shows the 
same principle: Naudin” raised numerous hybrids between the yellow 
Linaria vulgaris and the purple L. purpurea, and during three suoces.siTo 
generations the colours kept istinct in diflerent parts of the same flower. 

From such cases as the foregoing, in which the otfepring of the first 
generation perfectly resemble either parent, we come by a small step to those 
cases in which diflerently coloured flowers tome on the same root resemble 
both parents, and by another step to those in which the same flower or 
fimit is striped or blotched with the two parental colours, or bears a single 
sti'ipe of the colour or other charactoristio quality of one of the parent- 
forms. With hybrids and mongrels it frequently or even generally happens 
that one part of tho body resembles more or less closely one parent and 
another part the other parent ; and here again some resistance to fusion, 
or, what comes to the same thing, some mutual affinity between tho organic 
atoms of the same nature, apparently comes into play, for otherwise all parts 
of tho body would be equally intermediate in character. So again, when 
tho ofifepring of hybrids or mongrels, which are' themselves nearly inter- 
mediate in character, revert either wholly or by segments to their ancestors, 
the principle of the affinity of similar, or the repulsion of dissimilar atoms, 
must come into action. To this principle, which seems to be extremely 
general, we shall recur in the chapter on pangenesis. 

It is remarkable, as has been strongly insisted upon by Isidore Geoffrey 
St Hilaire in regard to animals, that the transmission of characters without 
fusion occurs most rarely when species are crossed ; I know of one excep- 
tion alone, namely, with the hybrids naturally produced between tho 
common and hooded crew {Corvus corone and cornix), which, however, 
are closely allied species, differing in nothing except colour. Nor have I 
met with any well-ascertained cases of transmission of this hind, even when 
one form is strongly preixitent over another, when two races are crossed 
which have been slowly formed by man’s selection, and therefore resemble 
to a certain extent natural species. Such cases as puppies in the same 
litter closely resembling two distinct breeds, are probably due to super- 
feetation,— that is, to tho influence of two fathers. All the characters 
above enumerated, which are transmitted in a perfect state to some of 
the offepring and not to others, — such as distinct colours, nakedness of 
skin, smoothness of leaves, absence of horns or tail, additional toes, pelo- 
rism, dwarfed structure, &c.,— have all been known to appear suddenly in 
individual animals and plants. From this fhet, and from tho several slight, 
aggregated differences which distinguish domestic races and species from 



» • Nouvelles Archives du 1 
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each other, not being liable to this pecniiar form of transmission, we mnj 
conclude that it is in some way connected with the sadden appearance ol 
the characters in question. 



On the Modification of old Races and the Formatim of new Races 
ly Crossing.— We have hitherto ehiefly considered the effects of 
crossing in giving nniformity of character; we must now look 
to on opposite result. Tliere can bo no doubt that crossing, 
with the aid of rigorous selection during several generations, 
has been a potent means in modifying old races, and in forming 
new ones. Lord Orford crossed his famous stud of greyhounds 
once with the bulldog, which breed was chosen from being 
deficient in scenting powers, and from having what was wanted” 
courage and perseverance. In the course of six or seven 
generations all traces of the external form of the bulldog 
were eliminated, but courage and perseverance remained. 
Certain pointers have been crossed, as I hear from the Rev. 
W. D. Fox, with the foxhound, to give them dash and speed. 
Certain strains of Dorking fowls have had a slight infusion 
of Game blood ; and I have known a great fancier who on a 
single occasion crossed his turbit-pigeons with barbs, for the 
sake of gaining greater breadth of beak. 

In the foregoing cases breeds have been crossed once, for the 
sake of modifying some particidar character ; but with most of 
the improved races of the pig, which now breed true, there have 
been repeated crosses,— for instance, the improved Essex owes its 
excellence to repeated crosses with the Neapolitan, together pro- 
bably with some infusion of Chinese blood.« So with our British 
sheep: almost all the races, except the Southdown, have been 
largely crossed ; « this, in fact, has been the history of our prin- 
cipal breeds.”^ To give an example, the “ Oxfordshire Downs ’’ 
now rank M an established breed.“ They were produced about 
the year 1630 by c^mg “Hampshire and in some instances 



Southdown ewes with Cotswold r 



now the Hampshire 



IS itself produced by repeated crosses between the native 



„ ,■ 1W7, pp. ... 

42; S. Sidney’s edition of ‘ Youatt on Ch. He 
the Pig,' ISGO. p. 3. I860, p. 320.’ 

” See Mr. W. C. Spooner’s excellent ’ 

paper on Cross-Breeding, ' Journal 
iioynl Agricult. See.,’ vol. xx., pert ii. ; 



=> ‘ Gardener’s Chrenido.’ 1857, pp. 
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Hampshire sheep and Southdowns ; and the long-woolled 
Cotswold were improved by crosses with the Leicester, which 
latter again is believed to have been a cross between several 
long-woolled sheep. Mr. Spooner, after considering the various 
cases which have been carefully recorded, concludes, “ that from 
a judicious pairing of cross-bred animals it is practicable to 
establish a new breed.” On the Continent the history of several 
crossed races of cattle and of other animals has been well ascer- 
tained. To give one instance : the King of Wurtemherg, after 
twenty-five years’ careful breeding, that is after six or seven 
generations, made a new breed of cattle from a cross between 
a Dutch and Swiss breed, combined with other breeds." The 
Sebright bantam, which breeds as true as any other kind of 
fowl, was formed about sixty years ago by a complicated cross.” 
Dark Brahmas, which are believed by some fanciers to consti- 
tute a distinct species, were undoubtedly formed” in the United 
States, within a recent period, by a cross between Chittagongs 
and Cochins. With plants I believe there is little doubt that 
some kinds of turnips, now extensively cultivated, are crossed 
races ; and the history of a variety of wheat which was raised 
from two very distinct varieties, and which after six years’ 
culture presented an even sample, has been recorded on good 
authority.” 

Until quite lately, cautious and experienced breeders, though 
not averse to a single infusion of foreign blood, were almost 
universally convinced that the attempt to establish a new race, 
intermediate between two mdely distinct races, was hopeless: 
“ they clung with superstitious tenacity to the doctrine of purity 
“ of blood, believing it to be the ark in which alone true safety 
“could be found.”” Nor was this conviction unreasonable: 
when two distinct races are crossed, the offspring of the first 
generation are generally nearly uniform in character ; hut even 
this sometimes fails to be the case, especially with crossed dogs 
and fowls, the young of which from the first are sometimes much 

M - The Poultry Book,' by W. B. 
Tcpictmeier, 186C, p. 58. 

‘Gardner’s Chroaiclc,’ 1852, p. 

7G5. 

=* Spofmer, in ‘Journal Boyal Agri- 



« ‘ BuUctin do la Soc. d'Acolimat.,’ 
1862, tom. ix. p. 463. See also, for 
other eaaca, MM. Moll and Gayot, ‘ Du 
Bcouf,* 1860, p. xxxii. 

** * Poultry Chronicle,’ toI. ii., 1854, 
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diversified. As cross-bred animals are generally of large size 
and vigorous, tliey have been raised in great numbers for 
immediate consumption. But for breeding they are found to bo 
utterly useless ; for though they may be themselves uniform in 
character, when paired together they yield during many gene- 
rations offspring astonishingly diversified. The breeder is driven 
to despair, and concludes that he will never form an inter- 
mediate race. But from the cases already given, and from 
others which have been recorded; it appears that patience alone is 
necessary ; as Mr. Sjmoner remarks, “ nature opposes no barrier 
to successful admixture; in the course of time, by the aid 
of selection and careful weeding, it is practicable to establish 
a new breed.” After six or seven generations the hoped-for 
result will in most cases be obtained ; but even then an occa- 
sional reversion, or failure to keep true, may be expected. The 
attempt, however, will assuredly fail if the conditions of life 
be decidedly unfavourable to the characters of either parent- 

Although the grandchildren and succeeding generations of 
cross-bred animals are generally variable in an extreme degree, 
some curious exceptions to the rule have been observed, both 
with crossed races and species. Thus Boitard and Corbie* 
assert that from a Pouter and a Bunt “ a Cavalier will appear, 
which we hove classed amongst pigeons of pure race, because it 
transmits all its qualities to its posterity.” The editor of the 
‘Poultry Chronicle’’' bred some bluish fowls from a black 
Sjmnish cock and a Malay hen; and these remained true to 
colour “generation after generation.” 'The Himalayan breed 
of rabbits was certainly formed by crossing two sub-varieties of 
the silver-grey rabbit ; although it suddenly assumed its present 
character, which differs much from that of either parent-breed, 
yet it has ever since been easily and truly propagated. I crossed 
.some Labrador and Penguin ducks, and recrossed the mongrels 
with Penguins; afterwards, most of the ducks reared during 
three generations were nearly uniform in character, being brown 
with a wliite crescentic mark on the lower part of the breast, 

** See Colin’s ‘ Traite de Pbya. Comp. * ' Les Pigrons,’ p. 37, 
lies Animaux Domestiqnes,’ tom. ii. p. “ VoL i., 1854, p. 101. 

530, where this subject is weii treoted. 
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and with some white spots at the base of the beak ; so that hy 
the aid of a little selection a new breed might easily have been 
formed. In regard to crossed varieties of plants, Mr. Beaton 
remarks® that “Melville’s extraordinary cross between the 
Scotch kale and an early cabbage is as true and genuine as any 
on record;’’ but in this case no doubt selection was practised. 
Gartner® has given five cases of hybrids, in which the progenv 
kept constant; and hybrids between Dianthus armeria and 
deltoidei remained true and uniform to the tenth generation. 
Dr. Herbert likewise showed me a hybrid from two species of 
Loasa which from its first production had kept constant during 
several generations. 

We have seen in the earlier chapters, that some of our 
domesticated animals, such as dogs, cattle, pigs, &c., are almost 
certainly descended from more than one species,' or wild race, 
if any one prefers to apply this latter term to forms which 
wore enabled to keep distinct in a state of nature. Hence the 
crossing of aboriginally distinct species probably came into play 
at an early period in the formation of our present races. From 
Kutimeyer’s observations there can be little doubt that this 
occurred with cattle ; but in most cases some one of the forms 
which were allowed to cross freely, will, it is probable, have 
absorbed and obliterated the others. For it is not likely that 
semi-civilized men would have taken the necessary pains to 
modify by selection their commingled, crossed, and fluctuating 
stock. Nevertheless, those animals which were best adapted to 
their conditions of life would have survived through natural 
selection ; and by this means crossing will often have indirectly 
aided in the formation of primeval domesticated breeds. 

Within recent times, as far as animals are concerned, the 
crossing of distinct species has done little or nothing in 
the formation or modification of our races. It is not yet known 
whether the species of silk-moth which have been recently 
crossed in France will yield permanent races. In the fourth 
chapter I alluded with some hesitation to the statement that a 
now breed, between the hare and rabbit, called leporides, had 
been formed in France, and was found capable of propagating 

® ' Cottage Gardener,’ 1836, p. 110. » ‘Baatardetzengong,’ a. 55S. 
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itself; but it is now positively affirmed** that this is an error. 
With plants which can be multiplied by buds and cuttings, hybri- 
disation has done wonders, as with many kinds of Roses, Rhodo- 
dendrons, Pelargoniums, Calceolarias, and Petimias. Nearly 
all these plants can be propagated by seed; most of them 
freely ; but extremely few or none come true by seed. 

Some authors believe that crossing is the chief cause of varia- 
bility, — ^that is, of the appearance of absolutely new characters. 
Some have gone so far as to look at it as the sole cause ; but 
this ’conclusion is disproved by some of the facts given in the 
chapter on Bud-variation. The belief that characters not present 
in either parent or in their ancestors frequently originate from 
crossing is doubtful; that they occasionally thus arise is pro- 
bable ; but this subject will be more conveniently discussed in 
a future chapter on the causes of Variability. 

A eondensed summary of this and of the three following 
chapters, together with some remarks on Hybridism, will be 
given in the nineteenth chapter. 

" Dr. Pigeani, in • Bull. Soo. d'.Acclimat,’ tom. iii., July 1866, as quoted in 
' .Annule and Meg. of Nat. Hist,’ 1867, vol. a. p. 75. 
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CAUSES WHICH INTERFERE WITH THE FREE CROSSING OF 
VARIETIES — INFLUENCE OF DOMESTICATION ON FERTILITY. 




The domesticated races of both animals and plants, when 
crossed, arc with extremely few exceptions quite prolific, — in 
some cases even more so than the purely bred parent-races. 
The ofifspring, also, raised from such crosses are likewise, as wo 
shall see in the following chapter, generally more vigorous and 
fertile tlian their parents. On the other hand, species when 
crossed, and their hybrid ofifspring, are almost invariably in some 
degree sterile ; and here there seems to exist a broad and in- 
superable distinction between races and species. The import- 
ance of this subject as bearing on the origin of species is 
obvious ; and we shall hereafter recur to it. 

It is unfortunate how few precise observations have been 
made on the fertility of mongrel animals and plants during 
several successive generations. Dr. Broca ' has remarked tliat 
no one has observed whether, for instance, mongrel dogs, bred 
inter se, are indefinitely fertile; yet, if a shade of infertility 
be detected by careful observation in the ofifspring of natural 
forms when crossed, it is thought that their specific distinction 
is proved. But so many breeds of sheep, cattle, pigs, dogs, and 
poultry, have been crossed and recrossed in various ways, that 
any sterility, if it had existed, would from being injurious 
* ‘Journal do Phyaiolog.,’ tom. ii„ 1859, p. 385. 
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almost certainly have been observed. In investigating tlie 
fertility of crossed varieties many sources of doubt occur. 
MTienever tbe least trace of sterility between two plants, 
however closely allied, was observed by Kolreuter, and more 
especially by Gartner, who counted the exact number of seed 
in each capsule, the two forms were at once ranked as dis- 
tinct species; and if tliis rule be followed, assuredly it will 
never be proved that varieties when crossed are in any degree 
sterile. We have formerly seen that certain breeds of dogs do 
not readily pair together ; but no observations have been made 
whether, when paired, they produce the full number of young, 
and whether the latter are perfectly fertile inter se ; but, sup- 
posing that some degree of sterility were found to exist, 
naturalists would simply infer that these breeds were descended 
from aboriginally distinct species; and it would be scarcely 
possible to ascertain whether or not this explanation was the 

The Sebright Bantam is much less prolific than any other 
breed of fowls, and is descended from a cross between two very 
distinct breeds, recrossed by a third sub-variety. But it would 
be extremely rasli to infer that the loss of fertility was in any 
manner connected with its crossed origin, for it may with more 
probability be attributed either to long-continued close inter- 
breeding, or to an innate tendency to sterility correlated with 
the absence of hackles and sickle tail-feathers. 

Before giving the few recorded cases of forms, which must be 
ranked as varieties, being in some degree sterile when crossed, 
I may remark that other causes sometimes interfere with 
varieties freely intercrossing. Thus they may diflfer too greatly 
in size, as with some kinds of dogs and fowls: for instance, 
the editor of the ‘ Jounial of Horticulture, &a,’ ” says that 
he can keep Bantams with the larger breeds without much 
danger of their crossing, but not with the smaller breeds, such 
us Games, Hamburgs, &c. 'With plants a difference in the 
I>eriod of flowering serves to keep varieties distinct, as with the 
various lands of maize and wheat: thus Colonel Le Couteur’ 
remarks, “the Talavera wheat, from flowering much earlier than 
any other kind, is sure to continue pure.” In different parts of 
’ Dec. 1803, p. 484. s On tlie Varieties of Wlieat, p. 60. 
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the Falkland Islands the cattle are breaking up into herds of 
different colours ; and those on the higher ground, which are 
generally white, usually breed, as I am informed by Admiral 
Sulivan, three months earlier than those on the lowlands; and 
this would manifestly tend to keep the herds from blending. 

Certain domestic races seem to prefer breeding with their own 
kind; and this is a fact of some importance, for it is a step 
towards that instinctive feeling which helps to keep closely 
allied species in a state of nature distinct. We have now 
abundant evidence that, if it were not for this feeling, many 
more hybrids would be naturally produced than is the case. We 
have seen in the first chapter that the alco dog of Mexico 
dislikes dogs of other breeds ; and the hairless dog of Paraguay 
mixes less readily with the European races, than the latter do 
with each other. In Germany the female Spitz-dog is said to 
receive the fox more readily than will other dc^; a female 
Australian Dingo in England attracted the wild male foxes. 
But these differences in the sexual instinct and attractive 
power of the various breeds may be wholly due to their 
descent from distinct species. In Paraguay the horses have 
much freedom, and an excellent observer* believes that the 
native horses of the same colour and size prefer associating 
ivith each other, and that the horses which have been imported 
from Entre Rios and Banda Oriental into Paraguay likewise 
prefer associating together. In Circassia six sub-races of the 
horse are known and have received distinct names; and a 
native proprietor of rank’ asserts that horses of three of these 
races, whilst living a free life, almost always refuse to mingle 
and cross, and will even attack each other. 

It has been observed, in a district stocked with heavy 
Lincolnshire and light Norfolk sheep, that both kinds, though 
bred together, when turned out, “in a short time separate 
to a sheep;” the Lincolnshires drawing off to the rich soil, 
and the Norfolks to their own dry light soil ; and as long as 
there is plenty of grass, “the two breeds keep themselves as 
distinct as rooks and pigeons.” In this case different habits of 

* Bengger, ‘Siugethicre von Pat*- and Do Qiiatrcfagca, in ‘ BnU. Soo. 
giiay,’ 8. 386. d’Acclimat.,' tom. viiL, July, 1861, p- 

‘ See a memoir by AIM. Lherbotte 312. 
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life tend to keep the races distinct. On one of the Faroe 
islands, not more than half a mile in diameter, the half-wild 
native black sheep are said not to have readily mixed with the 
imported white sheep. It is a more curious fact that the semi- 
monstrous ancon sheep of modem origin “have been observed 
to keep together, separating themselves from the rest of the 
flock, when put into enclosures with other sheep.”' With 
respect to fallow deer, which live in a semi-domesticated condi- 
tion, Mr. Bennett’ states that the dark and pale coloured herds, 
which have long been kept together in the Forest of Dean, in 
High Meadow Woods, and in the New Forest, have never been 
known to mingle : the dark-coloured deer, it may be added, are 
believed to have been first brought by James I. from Norway, 
on account of their greater hardiness. I imported from the 
island of Porto Santo two of the feral rabbits, which differ, as 
described in the fourth chapter, from common rabbits; both 
proved to be males, and, though they lived during some years in 
the Zoological Gardens, the superintendent, Mr. Bartlett, in vain 
endeavoured to make them breed with various tame kinds ; but 
whether this refusal to breed was due to any change in instinct, 
or simply to their extreme wildness; or whether confinement 
had rendered them sterile, as often occurs, cannot be told. 

Whilst matching for the sake of experiment many of the 
most distinct breeds of pigeons, it frequently appeared to me 
that the birds, though faithful to their marriage vow, retained 
some desire after their own kind. Accordingly I asked Mr. 
Wicking, who has kept a larger stock of various breeds together 
than any man in England, whether he thought that they would 
prefer pairing with their own kind, supposing that there were 
males and females enough of each ; and he without hesitation 
answered that he was convinced that this was the case. It has 
often been noticed that the dovecot pigeon seems to have an 
actual aversion towards the several fency breeds;' yet all have 

edited by Bennett, p. 89. WiOi respect 
to the origin of the dark-eoluurod deer, 
see ‘ Some Account of English Deer 
Porks,’ by E. P. Shirley, Esq. 

* ‘ The Dovecote,’ by the Rev. E. S. 
Dixon, p. 15.5 ; Bechstein, * Naturgesch. 
Deutacl.loniU,’ Band iv„ 1795, s. 17. 



• For tho Norfolk sheep, see Mar- 
shall’s ‘ Rural Economy of Norfolk,’ 
voL ii. p. 136. See Rev. L. Lundt’s 
‘ Description of Fame,’ p. 66. For tlie 
ancon sheep, eee ‘ Phil. Transact.,’ 
lSI3,p. 90. 

' While’s ’Nat. Hist, of Sclbonruo,’ 
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certainly sprang from n common progenitor. The Eev. W. D. 
Fox informs me that his flocks of white and common Chinese 
geese kept distinct 

These facts and statements, though some of them are incapable 
of proof, resting only on tlie opinion of experienced observers, 
show that some domestic races are led by different habits of life 
to keep to a certain extent separate, and that othere prefer 
coupling with their own kind, in the same manner as species in 
a state of nature, though in a much less degree. 

With respect to sterility from the crossing of domestic races, I know of 
no well-ascertained case with animals. This fact, seeing tlie great differ 
cnee in structure between some breeds of pigeons, fowls, pigs, dogs, 
&c., is extraordinary, in eontrast with the sterility of many closely allied 
natural species when crossed; but we shall hereafter attempt to show 
that it is not so extraordinary as it at first appears. And it may be well 
hero to recall to mind that the amount of external difference between 
two species will not safely guide us in foretelling whether or not they will 
breed together,— some closely allied species when crossed being utterly 
sterile, and others which arc extremely unlike being moderately fertile. 
I have said that no case of sterility in crossed races rests on satisfactory 
evidence ; but hero is one which at first seems trustworthy. Mr. Touatt,’ 
and a better authority cannot be quoted, states, that formerly in Lancashire 
crosses wore frequently made between longhorn' and shorthorn cattle; the 
first cross was excellent, but the pnxluco -was uncertain ; in the third or 
fourth generation the cows were bad milkers ; “ in addition to which, there, 
was much uncertainty whether the cows would conceive ; and full one-thiid 
of the cows among some of Uicse half-brcds failed to be in calf." Tliis 
at first seems a good case ; but Mr. Wilkinson states,'® that a breed derived 
from this same cross was actually established in another part of England ; 
and if it had failed in fertility, the fact would surely have been notiad. 
Moreover, supposing that Mr. Youatt had proved his case, it might be 
argued that the sterility was wholly due to the two parent-breeds being 
descended from primordially distinct species. 

I will give a case with plants, to show how difficult it is to get suffi- 
cient evidence. Mr. Sheriff, who has been so successful in the forma- 
tion of new races of wheat, fertilised the Hopetoun with the Talavera; 
in the first and second generations the produce was intermediate in cha- 
racter, but in the fourth generation "it was found to consist of many 
varieties ; nine-tenths of the florets proved barren, and many of the seeds 
seemed shrivelled abortions, void of vitality, and the whole race was 
cridently verging to extinction.”" Now, considering how little these 



• ‘ Cottle,’ p. 202. 

■“ Mr. J. Wilkinson, in ‘ Bemarks addressed to Sir J. Sebright,’ 1820, p. 38, 
" * Gardener's Chronicle,’ 1858, p. 771. 
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Turieties of wheat differ in any important character, it scorns to me very 
improbable that the steriUty resulted, as Mr. Sheriff thought, from tho 
cross but from some quite distinct cause. Until such experiments are 
many times repeated, it would be rash to trust them ; but unfortunately 
they have been rarely tried even onco with sufficient care. 

Gartner has recorded a more remarkable and trustworthy case; he 
fertilised tliirteen panicles (and subsequently nine others) on a dwarf 
maize bearing yellow sced“ with pollen of a tall maize having red seed; 
and one head alone produced good seed, only five in number. Though 
these plants are monoecious, and therefore do not require castration, 
yet I should have suspected some accident in the manipulation had 
not Gartner expressly stated that ho had during many years grown these 
two varieties together, and they did not spontaneously cross; and this, 
considering that the plants are monoecious and abound with pollen, and 
are well known generally to cross freely, seems explicable only on the behef 
that those two varieties are in some degree mutually infertile. The 
hybrid plants raised from the above five seed were intermediate in struc- 
ture, extremely variable, and perfectly fertile.” No one, I believe, has 
hitherto suspected that these varieties of maize are distinct species; but 
had the hybrids been in the least sterile, no doubt Gartner would at once 
have so classed them. I may hero remark, that with undoubted species 
there is not necessarily any close relation between the sterility of a first 
cross and that of the hybrid offepring. Some species can bo crossed with 
facility, but produce utterly sterile hybrids ; others can be crossed with 
extreme difficulty, but the hybrids when produced are moderately fertile. 
I am not aware, howover,pf any instance quite like this of the maize with 
natural species, namely, of a.flrat cross made with difficulty, but yielding 
perfectly fertile hybrids. • 

The following case is much more remarkable, and evidently irerplexed 
Gartner, whoso strong wish it was to draw a broad line of distinction 
between species and varieties. In the genus Vcrbascum, he made, during 
eighteen years, a vast number of exijcriments, and crossed no less than 
1085 flowers and counted their seeds. Many of these experiments con- 
sisted in crossing white and yellow varieties of both r. lychailis and V. 
bl'iltaria with nine other species and their hybrids. That the white and 
yellow flowered plants of these two species are really varieties, no one 
has doubted; and Gartner actually raised in the case of both species 
one variety from the seed of tho other. Now in two of his works'* he 
distinctly asserts that crosses between similarly-coloured flowers yield 
more seed than between dissimilarly-coloured ; so that the yellow-flowered 
variety of either species (and conversely with the white-flowered variety), 
when crossed with pollen of its own kind, yields more seed than when 
crossed with that of the white variety ; and so it is when differently coloured 
species are crossed. The general results may be seen in the Table at the 



n ‘ Bastarcletzcugong,' a 87, 169. '* ‘Kennhiise der Btfnichtang,’ s. 

Set also the Table at the end of 137; • liastorderzeugung.’ s. 92. 181. 

” ‘ Hastarderzeugung,' a 87, 577. see a. 307. 
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^ »u«j oicmuy wmen results 

from the crossing of the differently coloured varieties of the same snecies 
is fully as great as that which occurs in many cases when distinct species 
are crossed. Unfortunately Gartner compared the results of the first 
unions alone, and not tlie sterility of the two sets of hybrids produced 
from the white variety of V. Igchnitu when fertilised by the white and 
yellow varieties of V. btattaria, for it is probable that they would have 
differed in this respect. 

Mr. J. Scott has given me the results of a series of experiments on 
Vorbascum, made by him in tlie Botanic Gardens of Edinburgh. Ho re- 



o wsaj/oauucubn uu uisuxiub Hpecics, Dui ODuuiica oiiiy 

fluctuating results; some confirmatory, but the greater number contradic- 
tory; nevertheless these seem hardly sufficient to overthrow the conclu- 
sions arrived at by Gartner from experiments tried on a much larger scale. 
In the second place Mr. Scott experimented on the relative fertility of 
umons between similarly and dissimilarly-coloured varieties of the same 
species. Thus ho fertilised six flowers of the yellow variety of V. lychnilU 
by its own pollen, and obtained six capsules, and calling, for the sake of 
having a standard of comparison, the average number of good seed in 
^h one hundred, he found that this same yeUow variety, when fertilised 
by the white variety, yielded from seven capsules an average of ninety-four 
seed. On the same principle, the white variety of K. lychnitu by its own 
pollen (from six capsules), and by the pollen of the yellow variety (eight 
capsules), yielded seed in the proportion of 100 to 82. The yellow variety 
of V. thapsiis by its own pollen (eight capsules), and by that of the while 
variety (only two capsules), yielded seed in the proportion of 100 to 94 
Lastly, the white variety of V. blatUiria by its own pollen (eight capsules), 
and by tlmt of the yellow variety (five capsules), yielded seed in the pro- 
portion of 100 to 79. So that in every case the anions of dissimilarly- 
coloured varieties of tlie same species were less fertile than the unions of 
similarly-coloured varieties; when all the cases ore grouped together, the 
difference of fortibty is as 86 to 100. Some additional trials were made, 
and altogether tliirty-six similarly-coloured unions yielded thirty-five good 



1 on distinct species, but obtained only 
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capacity of this one variety has certainly been in some degree modified, 
so as to approach in nature that of N. glutinosa." 

These facts with respect to plants show that in some few 
cases certain varieties have had their sexual powers so far 
modified, that they cross together less readily and yield less 
seed than other varieties of the same species. We shall pre- 
sently see that the sexual functions of most animals and plants 
are eminently liable to he affected by the conditions of life to 
wliich they are exjwsed ; and hereafter we shall briefly discuss 
the conjoint bearing of this and other facts on the difference in 
fertility between crossed varieties and crossed species. 



Domestication eliminates the tendency to Sterility which is general 
with Species when crossed. 

This hypothesis was first propounded by Pallas," and has 
been adopted by several authors. I can find hardiy any direct 
facts in its support ; but unfortunately no one has compared, 
in the case of either animals or plants, the fertility of an- 
ciently domesticated varieties, when crossed with a distinct 
species, with that of tlie wild parent-species when similarly 
crossed. No one has compared, for instance, the fertility of 
Gallus bankiva and of the domesticated fowl, when crossed 
with a distinct species of Gallus or Phasianus; and the 



distinct species, mingied with a plant's 

sufficient quantity, have any effect. Tlie 
sole effect of mingling two kinds of 

seeds which yield plants, somu t^ng 
after the one and some after the other 

” yir. Scott has made some observa- 
tions on the absolute sterility of a purple 
and white primrose {Primula m^arU) 
when fertilised by pollen from the 
common primrose Journal of Proc. of 
Linm Soc.,’ vol. viii., 1864, p. 98) ; but 
these observations require confirmation. 
I raised anumber of purple-flowered long- 
styled seedlings ffoms(KKl kindly sent me 
by Mr. Scott, and, though they were all 
in some degree sterile, they were much 
more fertile with pollen taken from the 
common primrose than with their own 



pollen. Mr. Soott has likewise de- 
scribed a red equal-styled cowslip 
(P. verU, idem, p. 106), which was 
found by him to be highly sterile when 
crossed with the common cowslip: 
but this was not the case with several 
equal-styled red seedlings raised by me 
from his plant This variety of the 
cowslip presents the remarkable pe- 

every respect like those of tho^short- 
stylod form, with female organs resem- 
bling in function and partly in structure 
those of the long-styled form ; so that 
we have the singular anomaly of the 

Hence it is not surprising that these 

fertile in a high degree. 

* ‘ Act. Acad. St. Petersburg.’ 1780, 
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experiment would in all cases be surrounded by many diffi- 
culties. Bureau de la MaUe, who has so closely studied classical 
literature, states” that in the time of the Romans the common 
mule was produced with more difBculty than at the present 
day ; but whether this statement may be trusted I know not. A 
much more important, though somewhat different, case is given 
by JI. Greenland,® namely, that plants, known from their inter- 
mediate character and sterility to be hybrids between .dEgilops 
and wheat, have perpetuated themselves under culture since 
1857, with a rapid but varying increase of fertility in each genera- 
tion. In the fourth generation the plants, still retaining their 
intermediate character, had become as fertile as common 
cultivated wheat. 

The indirect evidence in favour of the Fallasian doctrine 
appears to me to be extremely strong. In the earlier chapters 
1 have attempted to show that our various breeds of dogs are 
descended from several wild species ; and this probably is the 
case with sheep. There can no longer be any doubt that 
the Zebu or humped Indian ox belongs to a distinct species from 
European cattle : the latter, moreover, are descended from two 
or tlrree forms, which may be called either species or wild races, 
but which co-existed in a state of nature and kept distinct. We 
have good evidence that our domesticated pigs belong to at 
least two specific types, S. scrofa and Indieua, which probably 
lived together in a wild state in South-eastern Europe. Now, a 
widely-extended analogy leads to the belief that if these several 
allied species, in the wild state or when first reclaimed, had 
been crossed, they would have exhibited, both in their first 
unions and in their hybrid offspring, some degree of sterility. 
Nevertheless the several domesticated races descended from 
them are now all, as far as can be ascertained, perfectly fertile 
together. If tliis reasoning be trustworthy, and it is apparently 
sound, we must admit the Fallasian doctrine that long-continued 
domestication tends to eliminate that sterility which is natural 
to species when crossed in their aboriginal state. 

‘ Annalcs dee Sc. Nat.,’ tom. xxi. (let ecriee), p. 61. 

» ‘ BuU. Dot. Soc. de France,’ Dec. 27th, 1861, tom. viii. p. 612. 
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Increased fertility from domestication, without any refer- 
ence to crossing, may be hero briefly considered. This subject 
bears indirectly on two or three points connected with the mo- 
dification of organic beings. As Biiflbn long ago remarked,*® 
domestic animals breed oftener in the year and produce more 
young at a birth than wild animals of the same species ; they, 
also, sometimes breed at an earlier age. The case would hardly 
have deserved further notice, had not some authors lately 
attempted to show that fertility increases and decreases in an 
inverse ratio with the amount of food. This strange doctrine 
has apparently arisen from individual animals when supplied 
with an inordinate quantity of food, and from plants of many 
kinds when grown on excessively rich soil, as on a dunghill, 
becoming sterOe ; but to this latter point I shall have occasion 
presently to return. With hardly an exception, our domesticated 
animals, which have long been habituated to a regular and 
copious supply of food, without the labour of searching for it, 
are more fertile than the corresponding wild animats. It is 
notorious how frequently cats and dogs breed, and how many 
young they produce at a birth. The wild rabbit is said 
generally to breed four times yearly, and to produce from 
four to eight young; the tame rabbit breeds six or seven times 
yearly, and produces from four to eleven young. The ferret, 
though generally so closely confined, is moi-e prolific than its 
supix)sed wild prototyi». The wild sow is remarkably prolific, 
for she often breeds twice in the year, and produces from four to 
eight and sometimes even twelve young at a birth; but the 
domestic sow regularly breeds twice a year, and would breed 
ofteuer if permitted ; and a sow that produces le.ss than eight at 
a birth “is worth little, and the. sooner she is fattened for the 
butcher the better.” The amount of food affects the fertility 
even of the same individual: tlius sheep, which on mountains 
never produce more than one lamb at a birth, when brought 



” Quoted by Isid. Geoflioy St. 
Hilaire, ‘Hist. Naturelle Gentle,’ 
tom. iii. p. 476. Since this MS. has 
been sent to press n full discussian on 



the present subject has appeared in Mr. 
Herbert Spencer’s ■ Principles of Bio- 
logy,' Tol. ii., 1867, p. 457 St seg. 
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down to lowland pastures frequently bear twins. Tin's differ- 
ence apparently is not due to the cold of the higher land, for 
sheep and other domestic animals are said to be e 
prolific in Lapland. Hard living, also, retai 
which animals conceive for it has been foum 
in the northern islands of Scotland to allow cc 
before they are four years old.“ 
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that it is (liffiault to estimate them; but on comparing beds of carrots 
saved for seed in a nursery garden with wild plants, the former seemed 
to produce about twice as much seed. Cultivated cabbages yielded 
thrice as many pods by measure as wild cabbages from the rooks of 
South Wales. The excess of berries produced by the cultivated Aspa- 
ragus in comparison with the wild plant is enormous. No doubt many 
highly cultivated plants, such as pears, pineapples, bananas, sugar-cane, 
&C., are nearly or quite sterile; and I am incUned to attribute this’ 
sterility to excess of food and to other unnatural conditions; but to this 
subject I shall presently recur. 

In some cases, as with the pig, rabbit, &c., and with those 
plants which are valued for their seed, the direct selection of 
the more fertile individuals has probably much increased their 
fertility ; and in all cases this may have occurred indirectly, from 
the better chance of the more numerous offspring produced by 
the more fertile individuals having survivei But with cats, 
ferrets, and dogs, and with plants like carrots, cabbages, and 
asparagus, which are not valued for their prolificacy, selection 
can have played only a subordinate part ; and their increased 
fertility must be attributed to the more favourable conditions of 
life under which they have long existed. 



VOIi. II. 
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CHAPTEE XVII. 

ON THE GOOD EFFECTS OF CROSSING, AND ON THE EVIL 
EFFECTS OF CLOSE INTERBREEDING. 




The gain in constitutional vigour, derived from an occasional 
cross between individuals of the same variety, but belonging to 
distinct families, or between distinct varieties, has not been so 
largely or so frequently discussed, as have the evil effects of too 
close interbreeding. But the former point is the more important 
of the two, inasmuch as the evidence is more decisive. The 
evil results from close interbreeding 'are difficult to detect, for 
they accumulate slowly, and differ much in degree with dif- 
ferent species; whilst the good effects which almost invariably 
follow a cross are from the first manifest. It should, however, 
be clearly understood that the advantage of close interbreeding, 
as far as the retention of character is concerned, is indisput- 
able, and often outweighs the evil of a slight loss of constitu- 
tional vigour. In relation to the subject of domestication, the 
whole question is of some importance, as too close interbreeding 
interferes with the improvement of old races, and especially 
with the formation of new ones. It is imjwrtant as indirectly 
bearing on Hybridism ; and perhaps on the extinction of species, 
when any form has become so rare that only a few individuals 
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remain within a confined area. It bears in an important 
manner on the influence of free intercrossing, in obliterating 
individual differences, and thus giving uniformity of character 
to the individuals of the same race or species ; for if additional 
vigour and fertility be thus gained, the crossed offspring will 
multiply and prevail, and the ultimate result will be far greater 
than otherwise would have occurred. Lastly, the question is 
of high interest, as bearing on mankind. Hence I shall discuss 
this subject at full length. As the facts which prove the evil 
effects of close interbreeding are more copious, though less 
decisive, than those on the good effects of crossing, 1 sliall, under 
each group of beings, begin with the former. 

There is no difiiculty in defining what is meant by a cross ; 
but this is by no means easy in regard to “ breeding in and in ” 
or “ too close interbreeding,” because, as we shall see, different 
species of animals are differently affected by the same degree of 
interbreeding. The pairing of a father and daughter, or mother 
and son, or brothers’ and sisters, if carried on during several 
generations, is the closest possible form of interbreeding. But 
some good judges, for instance Sir J. Sebright, believe that the 
pairing of a brother and sister is closer than that of parents 
and children ; for when the father is matched with his daughter 
he crosses, as is said, with only half his own blood. The con- 
sequences of close interbreeding carried on for too long a time, 
are, as is generally believed, loss of size, constitutional vigour, 
and fertility, sometimes accompanied by a tendenev to mal- 
formation. Manifest evil does not usually follow from pairing 
the nearest relations for two, three, or even four genera- 
tions ; but several causes interfere with our detecting the evil 
—such as the deterioration being very gradual, and the diffi- 
culty of distinguishing between such direct evil and the inevit- 
able augmentation of any morbid tendencies which may be 
latent or apparent in the related parents. On the other hand, 
the benefit from a cross, even when there has not been any very 
close interbreeding, is almost invariably at once conspicuous. 
There is reason to believe, and this was the opinion of that most 
experienced observer Sir J. Sebright,' tliat the evil effects of 
close interbreeding may be checked by the related individuals 
> ‘ The Art of Improving the Breed, &o.,’ 180D, p, 16. 
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being separated during a few generations and exposed to different 
conditions of life. 

That evil directly follows from any degree of close inter- 
breeding has been denied by many persons ; but rarely by anv 
practical breeder ; and never, as far as I know, by one who has 
largely bred animals which propagate their kind quickly. Many 
physiologists attribute the evil exclusively to the combination 
and consequent increase of morbid tendencies common to both 
parents : that this is an active source of mischief there can be 
no doubt. It is unfortunately too notorious that men and 
various domestic animals endowed with a wretched constitu- 
tion, and with a strong hereditary disposition to disease, if not 
actually ill, are fully capable of procreating their kind. Close 
interbreeding, on the other hand, induces sterility ; and this 
indicates something quite distinct from the augmentation of 
morbid tendencies common to both parents. The evidence 
immediately to be given convinces me that it is a great law of 
nature, that aU organic beings profit from an occasional cross 
with individuals not closely related to them in blood ; and 
that, on the other hand, long-continued close interbreeding is 
injurious. 

Various general considerations have had much influence in 
leading me to this conclusion ; but the reader will probably rely 
more on special facts and opinions. The authority of experi- 
enced observers, even when they do not advance the grounds of 
their belief, is of some little value. Now almost all men who 
have bred many kinds of animals and have written on the 
subject, such as Sir J. Sebright, Andrew Knight, &c.,* have 
expressed the strongest conviction on the impossibility of long- 
continued close interbreeding. Those who have compiled works 
on agriculture, and have associated much with breeders, such as 
the sagacious Youatt, Low, &c., have strongly declared their 
opinion to the same effect. Prosper Lucas, trusting largely 
to French authorities, has come to a similar conclusion. The 
distinguished German agriculturist Hermann von Nathusius, 
who has written the most able treatise on this subject which 
I have met with, concurs ; and as I shall have to quote from 

• For Andrew Knight, ue A. Walker, on ‘Intermarriage,' 1838, p. 227. Sir J- 
Sebright's Treatise has just been quoted. 
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this treatiso, I may state that Nathusius is not only intimately 
acquainted with works on agriculture in all languages, and 
knows tlie pedigrees of our British breeds better than most 
Englishmen, but has imported many of our improved animals, 
and is himself an experienced breeder. 

Evidence of the evil effects of close interbreeding can most 
readily be acquired in the case of animals, such as fowls, 
pigeons, &c., which propagate quickly, and, from being kept in 
the same place, are exposed to the same conditions. Now I 
have inquired of very many breeders of these birds, and I have 
liitherto not met with a single man who was not thoroughly 
convinced that an occasional cross with another strain of the 
same sub-variety was absolutely neces.sary. Most breeders of 
highly-improved or faney birds value their own strain, and are 
most unwilling, at the risk, in their opinion, of deterioration, 
to make a cross. The purchase of a first-rate bird of another 
strain is expensive, and exchanges are troublesome ; yet all 
breeders, as far as I can hear, excepting those who keep large 
stocks at different places for the sake of crossing, are driven 
after a time to take this step. 

Another general consideration which has had great influence 
on my mind is, that with all hermaphrodite animals and plants, 
which it might have been thought would have perpetually ferti- 
lised themselves, and thus have been subjected for long ages to 
the closest interbreeding, there is no single species, as far as I can 
discover, in which the structure ensures self-fertilisation. On the 
contrary, there are in a multitude of cases, as briefly stated in 
the fifteenth chapter, manifest adaptations which favour or inevit- 
ably lead to an occasional cross between one hermaphrodite and 
another of the same species ; and these adaptive structures are 
utterly purposeless, as fur as we can see, for any other end. 

With Cattle there can be no doubt that extremely close interbreeding 
may be long carried on, advantageously with respect to external characters 
and with no manifestly apparent evU as far as consUtution is concerned. 
The same remark is appUcablo to sheep. Whether these animals have 
gradually been rendered less susceptible than others to this evil, in order 
to permit tliem to live in herds,-a habit which leads the old and vigorous 
males to expel all intruders, and in oonsoquenco often to pair with their 
own daughters, I will not pretend to decide. The case of Bakewell’s Long- 
horns, which were closely interbred tor a long period, has often been 
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quoted; yetTouatt says* the breed “had acquired a delicacy of consti- 
tution inconsistent with conunon management,” and " the propagation of 
the species was not always certain." But the Shorthorns offer the most 
striking case of close interbreeding; for instance, the famous bull 
Favourite (who was himself the offspring of a half-brother and sister from 
Foljambe) was matched with his own daughter, granddaughter, and 
great-granddaughter; so that the produce of this last union, or the 
great-great-granddaughter, had 15-16ths, or 93-75 per cent of the blood 
of Favourite in her veins. This cow was matched with the bull Well- 
ington, having 62-5 per cent of Favourite blood in his veins, and pro- 
duced Clarissa; Clarissa was matched with the bull Lancaster, having 
68-75 of the same blood, and she yielded valuable offspring.* Nevertheless 
CoUings, who reared these animals, and was a strong advocate for close 
breeding, once crossed his stock with a Galloway, and the cows from this 
cross realised the highest prices. Bates’s herd was esteemed the most cele- 
brated in the world. For thirteen years he bred most closely in and in ; 
but during the next seventeen years, though ho had the most exalted 
notion of the value of his own stock, he thrice infused fresh blood into his 
herd ; it is said that he did this, not to improve the form of his animals, 
but on account of their lessened fertility. Mr. Bates’s own view, as given 
by a celebrated breeder,* was, that " to breed in and in from a bad stock 
was ruin and devastation ; yet that the practice may be safely followed 
witliin certain limits when the parents so related are descended from fii-st- 
rate animals." Wo thus see that there has been extremely close into 
breeding with Shorthorns ; but Nathusius, after the most careful study 
of their pedigrees, says that he can find no instance of a breeder who has 
strictly followed this practice during his whole life. From this study and 
Ids own experience, he concludes that close interbreeding is necessary 
to ennoble the stock; but that in effecting this the greatest care is 
necessary, on account of- the tendency to infertility and weakness. It 
may be added, that another high authority* asserts that many more calves 
are bom cripples from Shorthorns tlian from other and less closely inter- 
bred races of cattle. 

Although by carefully selecting the best animals (as Nature effectually 
does by the law of battle) close interbreeding may be long carried on 
mth cattle, yet the good effects of a cross between almost any two breeds 
is at once shown by the greater size and vigour of the offspring; as 
Mr. Spooner writes to mo, “ crossing distinct breeds certainly improves 
eatUe for the butcher.” Such crossed animals are of course of no value to 
the breeder; but they have been raised during many years in several 



• ‘Cattle,’ p. 199. 

* Nathusius, ‘ Ueber Shorthorn Rind- 
vieh,’ 1857, 8. 71 : ms also ‘Gardener’s 
Chronicle,' 1800, p. 27o. Many analo- 

MiUy published by Mr. C. M^toigM 
and Dr. H. Madden, ‘On the True 
Prindples of Breeding;’ Melbourne, 



Austnilia, 1865. 

* Mr. Willoughby Wood, in ‘Gar- 
dener's Chronicle,’ 1855, p. 411 ; and 
I860, p. 270. Set the very clear tables 
and pedigrees given in Nathusius’ 
‘Rindviete’s. 72-77. 

• Jlr. Wrigl.t, ‘Journal of Royal 
Agricnlt Sec..’ vol. vii., 1846, p. 204. 
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parts of England to be slaughtered;’ and their merit is now so fnlly 
recognised, that at fat-cattle shows a separate class has been formed for 
their reception. The best fat ox at the great show at Islington in 1802 
was a crossed animal. 

The half-wild cattle, which have been kept in British parka probably 
for 400 or 500 years, or even for a longer period, have been advanced by 
Cnlley and others as a case of long-continued interbreeding within the 
limits of the same herd without any consequent injury. With respect to 
the cattle at Chillingham, the late Lord Tankcrvillo owned that they were 
bad breeders.* The agent, Mr. Hardy, estimates (in a letter to me, dated 
May, 1861) tliat in the herd of about fifty the average number annually 
slaughtered, killed by fighting, and dying, is about ten, or one in five. 
As the herd is kept np to nearly the same average numlwr, the annual 
rate of increase must be likewise about one in five. The bulls, I may add, 
engage in furious battles, of which battles the present Lord Tankerville 
has given mo a graphic description, so that there will always be 
rigorous selection of the most vigorous males. I procured in 1855 from 
Mr. D. Gardner, agent to the Duke of Hamilton, the following account of 
the wild cattle kept in the Duke’s park in Lanarkshire, which is about 
200 acres in extent. The number of cattle varies from sixty-five to eighty ; 
and the number annually killed (1 presume by all causes) is from eight to 
ten ; so that the annual rate of increase can hardly be more than one in six. 
Now in South America, where the herds are half-wild, and therefore offer 
a nearly fair standard of comparison, according to Azara the natural 
increase of the cattle on an estancia is from one-third to one-fourth of the 
total number, or one in between three and four; and this, no douht, applies' 
exdlusively to adult animals fit for consumption. Hence the half-wild 
British cattle which have long interbred within the limits of the same 
herd are relatively far less fertile. Although in an unenclosed country 
like Paraguay there must be some crossing lietween the different herds, 
yet even there tlie inliabitants believe that the occasional introduc- 
tion of animals from distant localities is necessary to prevent “ degene- 
ration in size and diminution of fertility”* The decrease in size from 
ancient times in the Chillingham and Hamilton cattle must have hcen 
prodigious, for Professor Eutimoyer has shown that they are almost cer- 
tainly the descendants of the gigantic Dot primigtniut. No doubt this 
decrease in size may be largely attributed to less favourable conditions of 
life ; yet animals roaming over large parks, and fed during severe winters, 
can hardly be considered as placed under very unfavourable conditions. 

With sheep there has often been long-continued interbreeding within the 
limits of the same fioek; but whether the nearest relations have liecn 
matched so frequently as in the case of Shorthorn cattle, I do not know. 
The Messrs. Brown during fifty years have never infused fresh blood into 
their excellent flock of Leiccstcrs. Since 1810 Mr. Barford has acted on 
the same principle with the Foscote flock. Ho asserts that half a century 

7 Youatt on Cattle, p. 202. 

• Report British Assoc., Zoolog, Sect, 1838 

• Azam, •Quadrupede. da Pamgmry, tom. ii. pp. 351, S6S. 
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of expenenee hM convinced him that when two nearly related animals 
are qmto sound m MnstitnUon. in-and-in breeding does not induce dege- 
neracy; but he adds that he “does not pride himself on breeding frS 
the neamt afflmbe*.’’ In France the Naz flock lias been bred for sixty 
years without the introduction of a single strange ram.*® Nevertholess 
most great breeders of sheep have protested against close interbreeding 
prolonged for too great a length of time.“ The most celebrated of recent 
breeders, Jonas Webb, kept five separate families to work on, thus “ retain 
ing the requisite distance of relationship between the sexes.” “ 

Although by the aid of careful selection the near interbreeding of sheen 
may be long continued without any manifest evil, yet it has often been 
the practice with fanners to cross distinct breeds to obtain animals for the 
butcher, which plainly shows that good is derived ftom this practice. 
Mr. S^ner sums up his excellent Essay on Crossing by assorting that 
there is a direct pecuniary advantage in judicious cross-breeding, especially 
when the male is larger than the female. A former celebrated breeder 
Lord Somerville, distinctly states that his half-breeds from Byelands and 
Spanish sheep were larger animals than either the pure Eyelands or nure 
Spanish sheep.“ . ' 



As some of our British parks are ancient, it occurred to mo that there 
must have been long-continued close interbreeding with tlio fellow deer 
(Ctniu dama) kept in them; but on inquiry I And that it is a common 
practice to infuse now blood by procuring bucks from other parks. 
Mr. Shirley,’* who has carefully studied the management of deer, admits 
that in some parks there has been no admixture of foreign blood from a 
time beyond the memory of man. But ho concludes “ that in the end 
" the constant breeding in-and-in is sure to tell to the disadvantage of 
“ the whole herd, though it may take a very long time to prove it; 
" moiwver, when wo find, as is very constantly the case, that the intro- 
“ duction of fresh blood has been of the very greatest use to deer, both 
“ by improving their size and appearance, and particularly by being of 
“ service in removing the taint of ‘ rickback,’ if not of other diseases, to 
“ which deer are sometimes subject when the blood has not been 
“ changed, there can, I tlunk, be no doubt but that a judieious cross 
“ with a good stock is of the greatest consequence, and is indeed essential, 
'■ sooner or later, to the prosperity of every well-ordered park.” 

Mr. Meynell’s famous foxhounds have been adduced, as showing that no 
ill efibets foUow from close interbreeding; and Sir J. Sebright ascertained 
from him that he frequently bred from father and daughter, mother and 



For the ease of the Messrs. Brown, 
sse ‘ Card. Chronicle,’ 1855, p. 2B. For 
the Fosoote flock, ‘ Oard. Chron.,’ 1800, 
p. 116. For the Naz flock, ‘ Gull, do la 
Soo. d’Acclimat.,’ 1860, p. 477. 

» Nathusiiis, ‘Rindvich,’ a 65; 
Youatt on Sheep, p. 495. 

“ ‘Gard. Chronicle,' 1861, p. 031. 

“ Lord Somerville, ‘ Facta on Sheep 



and Husbandry,’ p. 8. Mr. Spooner, in 
‘Journal of Royal Agricult. Soc. of 
England,’ vol. ix. part ii. See also an 
excellent paper on the same subject 
in ‘ Gard. Chronicle,’ 1860, p. 321, by 
Sir. Cliarles Howard. 

’* ‘Some Acconnt of English Deer 
Parks,’ by Evelyn P. Shirley, 1867. 
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even to suck, and when attempting to move could not walk straight. Now 
It deserv^ esp^ial notice, that the two last sows produced by this long 
course of interbreeding were sent to other boars, and they bore sereral 
litters of healthy pigs. The best sow in external appearance produced 
dunng the whole seven generations was one in the last stage of descent: 
but the Utter consisted of this one sow. She would not breed to her sire 
yet bred at the first trial to a stranger in blood. So tliat, in Mr Wright’s 
case, long-continned and extremely close interbreeding did not affect the 
external form or merit of the young; but with many of them the general 
constitution and mental powers, and especially the reproducUve functions 
were seriously affected. ’ 

Nathusius gives™ an analogous and even, more striking case • he im- 
port from England a pregnant sow of the large Yorksliire breed, and 
bred the product closely in-and-in for three generations: tlie result was 
^favourable, as the young were weak in constitution, with impaired 
fcrtihty. One of the latest sows, which ho esteemed a good animal, pro- 
duced, when paired with her own uncle (who was known to be productive 
with sows of other breeds), a Utter of six, and a second time a Utter of 
only five weak young pigs. He then paired this sow with a boar of a small 
black breed, wliich he had Ukewise imported from England, and which 
boar, when matched with sows of his own breed, produced from seven to 
nine young: now, the sow of the large breed, which was so unproducUve 
when paired with her own uncle, yielded to the small black boar, in the 
first Utter twenty-one, and in the second Utter eighteen young pigs; so 
that in one year she produced thirty-nine fine young animals I 

As in the case of several other animals already mentioned, even when no 
uyury is percepUble from moderately close interbreeding, yet, to quote the 
words of Mr. Coate, a most successful breeder (who five Umes won the 
annual gold medal of the Smithfield Club Show for the best pen of pigs), 
“ Crosses answer well for profit to the farmer, as you get mote con- 
sUtution and quicker growth ; but for me, who seU a great number of pigs 
for breeding purposes, I find it will not do, as it requires many years to 
get anything like purity of blood again.”* 

Before passing on to Birds, I ought to refer to man, though I 
am unwilling to enter on this subject, as it is surroimded by 
natural prejudices. It has moreover been discussed by various 
authors under many points of view.« Mr. Tylor” has shown 
have injured tUtir cause by inaccu- 
'Devty, 



er Rindvieh,’ *c., 

» Sidney on the Pig, p. 36. See 
also note, p. 34. Also Richardson on 
the Pig, 1847, p. 26. 

» Dr. Dully has published an excel, 
lent article (translated in the*Anthn>. 
polog. Review,' May, 1864, p. 65), 
criticising all writers who have main* 
tained that evil follows from con- 

tliU side of the que&tion many advocates 



‘Du Danger dos Mariages,’ 
p. 141) Ih 



! been prohibited by the legislature 
of Ohio; but 1 liave been assured, in 
answer to inquiries made in the United 
States, that this statement is a mere 
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that with widely different races, in the most distant quarters of 
the world, marriages between relations — even between distant 
relations — have b^n strictly prohibited. A few exceptional 
cases can be specified, especially with royal families ; and these 
have been enlarged on in a learned article” by Mr. W. Adam, 
and formerly in 1828 by Hofacker. Mr. Tylor is inclined to 
believe that the almost universal prohibition of closely-related 
marriages has arisen from their evil effects having been observed, 
and he ingeniously explains some ap|)iirent anomalies in the 
prohibition not extending equally to the relations on both the 
male and female side. He admits, however, that other causes, 
such as the extension of friendly alliances, may have come into 
play. Mr. W. Adam, on the otlier hand, concludes that related 
marriages are prohibited and viewed with repugnance from the 
confusion which would thus arise in the descent of property, and 
from other still more recondite reasons; but I cannot accept 
this view, seeing that the savages of Australia and South 
America,” who have no property to bequeath or fine moral 
feelings to confuse, hold the crime of incest in abliorrence. 

It would be interesting to know, if it could be ascertained, as 
throwing light on this question with respect to man, what occurs 
with the higher anthropomorphous apes — whether the young 
males and females soon wander away from their parents, or 
whether the old males become jealous of their sons and expel 
them, or whether any inherited instinctive feeling, from being 
beneficial, has been generated, leading the young males and 
females of the same family to prefer pairing with distinct 
families, and to dislike pairing with each other. A considerable 
body of evidence has already been advanced, showing that the 
offspring from parents which are not related are more vigorous 
and fertile than those from parents which are closely related ; 
hence any slight feeling, arising from the sexual excitement of 
novelty or other cause, which led to the former rather than to 
the latter unions, would be augmented through natural selec- 
tion, and thus might become instinctive ; for those individuals 
which had an innate preference of this kind would increase in 
number. It seems more probable, that degraded savages should 
On Consnnf;nin!ty in MnninKe, in ” Sir G. Grey's ‘ Journal of Expe- 
tho • Fortnightiy Review,' 186!i, p. 710 : Bilious into Australia,’ vol. ii. p. 248 ; 

Hofacker, ‘ Ueber die F.igouschniten,' and Dobrizhoffor, ‘ On the Abipouos of 
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thus nnconsoiously have acquired their dislike and even abhor- 
rence of incestuous marriages, rather than that they should have 
discovered by reasoning and observation the evil results The 
abhorrence occasionally failing is no valid argument against the 
feeling being instinctive, for any instinct may occasionally fail 
or become vitiated, as sometimes occurs with parental love and 
the social sympathies. In the case of man, the question whe- 
ther evil follows from close interbreeding will probably never 
be answered by direct evidence, as he propagates his kind so 
slowly and cannot be subjected to experiment ; but the almost 
universal practice of aU races at all times of avoiding closely, 
related marriages is an argument of considerable weight; and 
whatever conclusion we arrive at in regard to the higher admals 
may be safely extended to man. 



Turning now to Birds : in the case of the Foufl a whole array of autho- 
nties could be given against too close interbreeding. Sir J. Sebright posi- 
ti^vely asserts that he made many trials, and that his fowU, when thus 
treated, became long m the legs, smaU in the body, and bad breeders” 
p produced the famous Sebright Bantams by complicated crosses, and by 
breetog m-and-m; and since his time there has been much close inters 
breedmg with these Bantams; and they are now notoriously bad breeders. 
I have seen Silver Bantams, directly descended from his stock, which had 
become almost as barren as hybrids; for not a single chicken had been 
t^t y^ hatched from two full nosto of eggs. Mr. Hewitt says that with 
these Bantams the sterili^ of the male stands; with rare exceptions, in the 
cl(^ relatiou with their loss of certain secondary male characters; be 
adds, ■ I have noticed, as a general rule, that oven the slightest deviation 
‘from femmmo character in the tail of the male Sebright — say the 
" elongation by only half an inch of the two principal tail-feathers— 
" brings with it improved probability of increased fertility.”” 

Mr. Wright states*’ that Mr. Clark, "whoso fighting-cotsks were so 
“ notorious, continued to breed from his own kind till they lost their dis- 
“ position to fight, but stood to be out up without making any resistance, 
‘‘ and were so reduced in size as to be under thoso weights required for 
“ the best prizes; but on obtaining a cross from Mr. Leighton, they 
" again resumed their former courage and weight.” It should be borne 
id that game-cocks before they fought were always weighed, so that 
" *'‘0 imagination about any reduction or increase of 






” ■ The Art of Improving the Breed,’ 
p.I3. 

” ‘ The Poultry Book,' by W. B. 
Tegetmeier, 18GG, p. 245. 

” ‘Journal Royal Agricult. Soc.,’ 
1846, vol. vii. p. 205; «e also Forgtisoii 
on tlie Fowl, pp. 83, 317 ; «e also ‘ Tho 



Poultry Book/ by Tegetmeier, 1866, p. 
135, with respect to the extent to which 
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sionally a hen with her own’ son ; “ but 
in-aud-iu breeding.” 
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weight. Mr. Clark does not seem to have bred from brothers and sisters, 
wUeh is the most injurious kind of union; and he found, after repeated 
trials, that there was a greater reduction in weight in the young from a 
father paired with his daughter, than from a mother with her son. I may 
add that Mr. Eyton, of Eyton, the well-known ornithologist, who is a largo 
breeder of Grey Dorkings, informs me tliat they certainly diminish in size, 
and become less prpjiflc, unless a cross with another strain is occasionally 
obtained. So it is with Malay.s, according to Mr. -Hewitt, as far as size is 
concerned.* 



An experienced writer* remarks that tlio same amateur, as is well 
known, seldom long maintains tho superiority of his birds ; and this, he 
adds, undoubtedly is due to all his stock “ being of the same blood 
lienee it is indispensable that ho should occasionally procure a bird of 
another strain. But this is not necessary with those who keep a stock of 
fowls at different stations. Thus, Mr. Ballancc, who has bred Malays for 
tliirty years, and has won more prizes with these birds than any other 
fancier in England, says that breeding in-and-in does not necessarily cause 
deterioration ; " but all depends upon how this is managed.” “ My plan 
“ has been to keep about five or six distinct runs, and to rear about 
“ two bundrml or throe hundred chickens each year, and select tlie best 
“ birds from each run for crossing. I thus secure sufficient crossing to 
“ prevent deterioration.”" 

We thus see that there is almost complete unanimity -with poultry- 
breeders that, when fowls are kept at the same place, evil quickly follows 
from interbreeding carried on to an extent which would bo disregarded 
in the case of most quadrupeds. On tho other hand, it is a generally 
received opinion tliat cross-bred chickens are the hardiest and most easily 
reared.” Mr. Tegetmeier, who has carefully attended to poultry of all 
breeds, says" that Dorking hens, allowed to run with Houdan or Crevecceur 
cocks, “ produce in tho early spring chickens that for size, hardihood, 
“ early maturity, and fitness for the market, siu-pass those of any pure 
“ breed that we have ever raised.” Mr. Hewitt gives it as a general rule 
with fowls, that crossing tho brood increases their size. Ho makes this 
remark after stating that hybrids from the pheasant and fowl are con- 
siderably larger than either progenitor ; so again, hybrids from the male 
golden pheasant and hen common pheasant “ are of far larger size than 
either parent-bird.”" To this subject of the increased size of hybrids I 
shall presently return. 

With Pujeons, breeders are unanimous, as previously stated, that it is 
absolutely indispensable, notwithstanding the trouble and expense thus 
caused, occasionally to cross tlieir much-prized birds with individuals of 
anotlier strain, but belonging, of course, to the same variety. It deserves 



* ‘The Poultry Book,' by W. B. 
Tegetmeier, 1868, p. 79. 

" ‘ The Poultry Chroaiele,' 18o4, vol. 

» ‘The Poultry Book,' by W. B. 
Tegetmeier, 1866, p. 79. 



" ‘ Tho Poultry Chronicle,’ vol i n 
89. ■ ■ 

" ‘ The Poultry Book,’ 1866, p. 210. 
“ Ibid. 1866, p. 167 ; and ‘ Poultry 
Chronicle,’ vol. iit, 1855. p. 15. 
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reversed case. TIio self-fertilised and crossed seeds thus obtained were 
allowed to germinato in the same glass vessel on damp sand; and as the 
seeds successively germinated, they were planted in pairs on opposite 
sides of the same pot, with a superficial partition between them, and were 
placed so as to be equally exposed to the light. In other cases the seif- 
fertilised and crossed seeds were simply sown on opposite sides of the 
same small pot. I have, in short, followed different plans, but in every 
case have taken all the precautions which I could think of, so that the 
two lots should be equally fevoured. Now, I have carefully observed 
the growth of plants raised from crossed and self-fertilised seed, from 
their germination to maturity, in species of the following genera, namely, 
Brassica, Lathyrus, Lupinus, Lobelia, Lactuca, Dianthus, Myosotis, Pe! 
tunia, Linaria, Calceolaria, Mimulus, and Ipomoea, and the difforenre in 
their powers of growth, and of witlistanding in certain cases unfavourable 
conditions, was most manifest and strongly marked. It is of importance 
that the two lots of seed should be sown or planted on opposite sides of 
the same pot, so that the seedlings may struggle against each other; for if 
sown separately in ample and good soil, there is often but little difference 
in their growth. 

I will briefly describe the two most striking cases as yet observed by 
mo. Six crossed and six self-fertilised seeds of Ipomtm purpurea, from 
plants treated in the manner above described, were planted as soon as they 
had germinated, in pairs on opposite sides of two pots, and rods of equal 
thickness were given them to twine up. Five of the crossed plants grew 
from the first more quickly than the opposed self-fertilised plants; tlie 
sixth, however, was weakly and was for a time beaten, but at last its 
sounder constitution prevailed and it shot ahead of its antagonist. As 
soon as each crossed plant reached the top of its seven-foot rod its fellow 
was measured, and the result was that, when the crossed plants were seven 
feet high, the self-fertilised had attained the average height of only five 
feet four and a half inches. The cros.sed plants flowered a little licfore, 
and more profusely than the self-fertilised plants. On opposite sides of 
another small pot a large number of crossed and self fertilised seeds were 
sown, so that they had to struggle for bare existence ; a single rod was 
given to each lot: here again the crossed plants showed from the first 
their advantage; they never quite reached the summit of the seven-foot 
rod, but relatively to the self-fertilised plants their average height was as 
seven feet to five feet two inches. The experiment was repeated in the 
two following generations with plants raised from the self-fertilised and 
crossed plants, treated in exactly the same manner, and with nearly the 
same result. In the second generation, the crossed plants, which were 
again crossed, produced 121 seed-capsules, whilst the self-fertilised plants, 
again self-fertilised, produced only 84 capsules. 

Some flowers of the Mimulus Mem were fertilised with their own 
pollen, and others were crossed with pollen from distinct plants growing 
in the same pot. The seeds after germinating were thickly planted 
on opposite sides of a pot. The scodhngs were at first equal in height; 
but when the young crossed plants were exactly half an inch, the self- 
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fertilised plants wore only a quarter of an inch high. Bnt this inequality 
did not eontinne, for, when the crossed plants were four and a half 
inches high, the self-fertilised were three inches; and they retained the 
same relative difference till their growth was complete. The crossed 
plants looked far more vigorous than the nncrossed, and flowered before 
them; they produced also a far greater number of flowers, which yielded 
capsules (judging, however, from only a few) containing more seeds. As 
in the former case, the erperiment was repeated in the same manner during 
the next two generations, and with exactly the same result. Had I not 
watched these plants of the Mimulus and Ipomoea during their whole 
growth, I could not have believed it possible, that a difference apparently 
so shght, as that of the pollen being taken from the same flower, and 
from a distinct plant growing in the same small pot, could have mode so 
wonderful a difference in the growth and vigour of the plants thus pro- 
duced. This, under a physiologieal point of view, is a most remarkable 
phenomenon. 



With respect to the benefit derived &om crossing distinct varieties, 
plenty of evidence has been published. Sageret" repeatedly speaks in 
strong terms of the vigour of melons raised by crossing different varieties, 
and adds that they are more easily fertilised than common melons, and 
produee numerous good seed. Here follows the evidence of an English 
gardener:" “I have this summer met with better success in my culti- 
"_yation of melons, in an unprotected state, from the seeds of hybrids 
" (i.e. mongrels) obtained by cross impregnation, than with old varieties. 
" The offspring of throe different hybridisations (one more especially, of 
" which the parents were the two most dissimilar varieties I could select) 
“ each yielded more ample and finer produce than any one of between 
“ twenty and thirty established varieties.” 

Andrew Kmght " believed that his seedlings from crossed varieties of 
the apple exhibited increased vigour and luxuriance; and M. Chcvrenl" 
.I,. g vigour of some of the crossed fruit-trees raised by 



Sageret. 

By crossing rociprocaUy the tallest and shortest peas, Knight* says 
"I had m this experiment a striking instance of the stimulative effects 
of croe^g the breeds ; for the smallest, variety, whose height rarely 
exceeded two feet, was increased to six feet; whilst the height of the 
largo and luxunant kind was very little diminished.” Mr. Laxton gave 
me seed-peas produced from crosses between four distinct kinds; and the 
plants thus rai^ were extraordinarily vigorous, being in each case from 
riX them* ™ parent-forms growing close along- 



« ‘M6noire sur lea CucarbilacCee ’ 
pp. 36, 28, 30. 

“ Loudon’s ‘Gard. Mag.,' vol. vui 
1832, p. 52. 

“ ‘ Transact Hort. Soc.,’ vol. t p. 26. 
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“ ‘ Annul, dea Sc. Nat.,’ 3rd scries, 
Dot, tom. si. p. 189. 

* ‘ Philosophical Transactions.' 1799, 
p. 200. 
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Wiegmann*' made many crosses between several varieties of cabbage; 
and ho speaks with astonishment of the vigour and height of the mongrels^ 
which excited the amazement of all the gardeners who beheld them! 
Mr. Chaundy raised a great number of mongrels by planting together six 
distinct varieties of cabbage. These mongrels displayed an infinite 
diversity of character ; " But the most remarkable circumstance was, 
“ that, while all the other cabbages and borecoles in the nursery were' 
" destroyed by a severe winter, these hybrids wore little injured, and 
" supplied the kitchen when there was no other cabbage to be had.” 

Mr. Maund exhibited before the Eoyal Agricultural Society" specimens 
of crossed wheat, together with their parent varieties; and the editor 
states that they were intermediate in character, “ united with that greater 
vigour of growth, which it appears, in the vegetable as in the animal 
world, is the result of a first cross.” Knight also crossed several varieties 
of wheat," and ho says "that in the years 1795 and 1796, when almost 
" the whole crop of com in the island was blighted, the varieties thus 
“ obtained, and these only, escaped in this neighbourhood, though sown 
“ in several different soils and situations.” 

Here is a remarkable case: M. Clotzsoh" crossed Pinna sylveriru and 
nipricam, Quercia rdur and pedunculata, Alnut glutinota and inrana, 
Ulmm campesiru and effum ; and the cross-fertilised seeds, ss well as seeds 
of the pure parent-trees, were all sown at the same time and in the same 
place. The result was, that after an interval of eight years, the hybrids 
were one-third taller than the pure trees ! 

The facts above given refer to undoubted varieties, excepting the trees 
crossed by Clotzsch, which are ranked by various botanists as strongly- 
marked races, sub-species, or species. That true hybrids raised from 
entirely distinct species, though they lose in fertility, often gain in size 
and constitutional vigour, is certain. It would be Bujicrfluons to quote 
any feets; for all experimenters, Kolreutcr, Gartner, Herbert, Sa^t, 
Lecoq, and Naudin, have been struck with the wonderful vigour, height, 
size, tenacity of life, precocity, and hardiness of their hybrid productions. 
Gartner" sums up his convictiou on this head in the strongest terms 
Kblreuter" gives numerous precise measurements of the weight and height 
of his hybrids in comparison with measurements of both parent-forms ; 
and spciis with astonishment of their “ sfatura portentosa,” their “ ambitiit 
vactiaimus ac altUudo valde cmspicua." Some exceptions to the rule in the 
case of very sterile hybrids have, however, been noticed by Gartner and 



" ‘ Ueber die Bastarderzeugung,' 1828, 
a 32. 33. For Mr. Chaundy’s case, see 
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Herbert; but the most striking exceptions are given by Max Wichum,” 
who found that hybrid willows were generally tender in constitution, 
dwarf, and short-lived. 

Kblreuter explains the vast increase in the size of the roots, stems, &c., 
of his hybrids, as the result of a sort of compensation duo to their sterility, 
in the same way as many emasculated animals are larger than the perfect 
males. This view seems at first sight extremely probable, and has been 
accepted by various authors;" but Gartner" has well remarked that 
there is much difficulty in fully admitting it ; for with many hybrids there 
is no parallelism between the degree of their sterility and their increased size 
and vigonr. The most striking instances of luxuriant growth have been 
oliserved with hybrids which were not sterile in any extreme degree. In 
the genus Mirabilis, certain hybrids are unusually fertile, and their extra- 
ordinary luxuriance of growth, together with their enormous roots," have 
been transmitted to their progeny. The increased size of the hybrids pro- 
duced between the fowl and pheasant, and between distinct species of phea- 
sants, has been abeady noticed. The result in all cases is probably in part 
due to the saving of nutriment and vital force through the sexual organs 
not acting, or acting imperfectly, but more especially to the general law of 
good being derived from a cross. For it deserves especial attention that 
mon^cl animals and plants, which are so far from being sterile that their 
fertility is often actually augmented, have, as previously shown, their size, 
hardiness, and constitutional vigour generally increased. It is not a little’ 
remarkable that an accession of vigour and size should thus arise under 
the opposite contingencies of increased and diminished fertility. 

It is a perfectly well ascertained fact" that hybrids will invariably 
breed more readily with either pure parent, and not rarely with a distinct 
species, than with each other. Herbert is inclined to explain even this 
fact by the advantage derived from a cross; but Gartner more justly 
accounts for it by the pollen of the hybrid, and probably its ovules, being 
in some degree vitiated, whereas the pollen and ovules of both pure 
parents and of any third species are sound. Nevertheless there are some 
well-ascertained and remarkable facts, which, as we shall immediately see, 
show that the act of crossing in itself imdoubtodly tends to ineiease or 
re-establish the fertility of hybrids. 

On certain Hermaphrodite Plante which, either normally or abnor- 
mally, require to he fertilieed hy pollen from a distinct individual 

or species. 

Ihe facts now to be given differ from those hitherto detailed, 
as the self-stei-ility does not here result from long-continued, 



1865**^31 ^“^’**''“’*‘‘"”8.’ 4c., 
“ Max Wichura fully accepts this 
view (‘Bastanlhefruehtung,’ s. 13), aa 
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close interbreedin". These facts are, however, connected with 
our present subject, because a cross with a distinct individual 
is shown to be either necessary or advantageous. Dimorphic 
and trimorphic plants, though they are hermaphrodites, must 
be reciprocally crossed, one set of forms by the other, in order 
to be fully fertile, and in some cases to be fertile in any degree. 
But I should not have noticed these plants, had it not been 
for the following cases given by Dr. Hildebrand:™ — 

Primula siaenm is a reciprocally dimorphic species: Dr. Hildebrand 
fertilised twenty-eight flowers of both forms, each by pollen of the other 
form, and obtained the full number of capsules containing on an average 
42-7 seed per capsule; here we have complete and normal fertility. He 
then fertilised forty-two flowers of both forms with pollen of the same 
form, but taken from a distinct plant, and all produced capsules con- 
taining on an average only 19'6 seed. Lastly, and here wo come to our 
more immediate point, he fertilised forty-eight flowers of both forms with 
pollen of the same form, taken from the same flower, and now he obtained 
only thirty-two capsules, and these contained on an average 18-6 seed, 
or one less per capsule than in the former case. So that, with these 
illegitimate unions,. the act of impregnation is less assured, and the fertility 
shghtly less, when the pollen and ovules belong to the same flower, than 
when belonging to two distinot individuals of the same form. Dr. Hilde- 
brand has recently made analogous experiments on the long-styled form 
of Oxalit rotea, with the same result.™ 

It has recently been discovered that certain plants, whilst 
growing in their native country under natural conditions, cannot 
be fertilised with pollen from the same plant They are some- 
times so utterly self-impotent, that, though they can readily 
be fertilised by the pollen of a distinct species or even distinct 
genus, yet, wonderful as the fact is, they never produce a single 
seed by their own pollen. In some cases, moreover, the plant’s 
own pollen and stigma mutually act on each other in a dele- 
terious manner. Most of the facts to be given relate to Orchids, 
but I will commence with a plant belonging to a widely dif- 
ferent family. 

Sixty-three flowers of Corydalis cava, home on distinct plants, were 
fertilised by Dr. Hildebrand" with pollen from other plante of the same 
species; and fifty-eight capsules were obtained, including on an average 



" ' Botanische Zeitung,’ Jan. 18G4, Berlin, 1866, a. 372. 
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4'5 seed in each. He then fertilised sixteen flowers produced by the 
same raceme, one with another, but obtained only three capsules, one of 
which alone contained any good seeds, namely, two in number. Lastly, 
he fertilised twenty-seven flowers, each with its own pollen ; he loft also 
fifty-seven flowers to be spontaneously fertilised, and this would certainly 
have ensued if it had been possible, for the anthers not only touch tlio 
stigma, but the pollen-tubes were seen by Hr. Hildebrand to penetrate it ; 
nevertheless those eighty-four flowers ^d not produce a single seed- 
capsule! This whole cose is liighly instructive, as it shows how widely 
different the action of the same pollen is, according as it is placed on the 
stigma of the same flower, or on that of another flower on the same raceme, 
or on that of a distinct plant. 

With exotic Orchids several analogous cases have been observed, chiefly 
by Mr. John Scott.“ OncuUum iphacdatum has effective pollen, for with 
it Mr. Scott fertilised two distinct species ; its ovules are likewise capable 
of impregnation, for they were readily fertiUsed by the pollen of 0. dimri- 
catum; nevertheless, between one and two hund^ flowers fertilised by 
their own pollen did not produce a single capsule, tliough the stigmas 
were penetrated by tho pollen-tubes. Mr. Eobinson Munro, of the Royal 
Botanic Gardens of Edinburgh, also informs mo (18C4) that a hundred 
and twenty flowers of this same species were fertilised by him with 
their own pollen, and did not produce a capsule, but eight flowers ferti- 
lised by the pollen of 0. divaricatum produced four fine capsules : again, 
between two and throe hundred flowers of 0. divaricatum, fertilised by 
their own pollen, did not set a capsule, but twelve flowers fertilised by 0. 
Jh-xuomm produced eight fine capsules : so that here we have three utterly 
self-impotent species, with their male and female organs perfect, as shown by 
their mutual fertilisation. In these cases fertilisation was effected only 
by the aid of a distinct species. But, as we shall presently see, distinct 
plants, raised from seed, of Oncidium flexumum, and probably of the other 
species, would have been perfectly capable of fertilising each other, for this 
is the natural process. Again, Mr. Scott found that the pollen of a plant 
of 0. micmchilum was good, for with it he fertilised two distinct species ; 
he found its ovules good, for they could be fertih'sed by the pollen of one 
of these species, and by the pollen of a distinct plant of 0. microchilum ; 
but they could not be fertilised by pollen of the same plant, though tlie 
pollen-tubes penetrated tho stigma. An analogous case has been recorded 
by M. EivRre,® with two plants of 0. Cavenditl.ianum, which were both self- 
sterile, but reciprocally fertilised each other. All these cases refer to tho 
genus Oncidium, but Mr. Scott found that Maxidaria atro-ruhm was 
"totaUy insusceptible of ferUlisation with its own pollen,” but fertilised, 
and was fertiUsed by, a widely distinct species, viz. M. tufuakni. 

As these orchids had grown under unnatural conditions, in hot- 
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houses, I concluded without hesitation that their seltsterility was due to 
this cause. But Fritz Miillcr informs me that at Desterro, in Brazil, he 
fertilised above one hundred flowers of the above-mentioned OncUiun 
JkxuMum, which is there endemic, with its own pollen, and with that 
taken from distinct plants ; all the former were sterile, whilst those fer- 
tilised by pollen from any ether plant of the same species were fertile 
During the first three days there was no difference in the action of the two 
kinds of pollen : that placed on the stigma of the same plant separated in 
the usual manner into grains, and emitted tubes which penetrated the 
column, and the stigmatic chamber shut itself; but the flowers alone 
which had been fertilised by pollen taken from a distinct plant produced 
seed-capsules. On a subsequent occasion these ezperiments were repealed 
on a large scale with the same result Fritz MUller found that four other 
endemic species of Oncidium were in like manner utterly sterile with their 
own pollen, but fertile with that from any other plant : some of them 
likewise produced seed-capsules when impregnated with pollen of widely 
distinct genera, such as Leptotes, Cyrtopodium, and Rodriguezia ! (hui- 
dinm criepum, however, differs from the foregoing species in varying much 
in its self-sterility; some plants producing fine pods with their own pollen, 
others failing to do so ; in two or three instances, Fritz Muller observed 
that the pods produced by pollen taken from a distinct flower on the same 
plant, were larger than those produced by the flower’s own pollen. In 
Mpidendrum cinnabar inum, an orchid belonging to another division of the 
family, fine pods were produced by the plant’s own pollen, but they con- 
tained by weight only about half as much seed as the capsules which had 
been fertilized by pollen from a distinct plant, and in one instance from 
a distinct species; moreover, a very large proportion, and in some cases 
nearly all the seed product by the plant’s own pollen, was embryon- 
less and worthless. Some self-fertilized capsules of a Maxillaria were in a 
similar state. 

Another observation made by Fritz MUller is highly remarkable, 
namely, that witli various orchids the plant’s own pollen not only fails 
to impregnate the flower, but acts on the stigma, and is acted on, in an 
injurious or poisonous manner. This is shown by the surface of the 
stigma in contact with the pollen, and by the pollen itself, becoming in 
from three to five days dark brown, and then decoying. The discoloura- 
tion and decay are not caused by parasitic cryptogams, which were 
observed by Fritz Muller in only a single instance. Those changes are 
woU shown by placing on the same stigma, at the same time, the plant’s 
own pollen and that from a distinct plant of the same species, or of 
another species, or even of another and widely remote genus. Thus, on 
the stigma of Oncidium fltxumum, the plant’s own poUen and that from a 
distinct plant were placed side by side, and in five days’ time the latter was 
perfectly fr^h, whilst the plant’s own pollen was brown. On the other 
hand, when the pollen of a distinct plant of the Oncidium ftexuctum, 
and of the Epidendrum zebra (ncv. spec, t), were placed together on the 
same stigma, they behaved in exactly the same manner, the grains 
separating, omitting tubes, and penetrating the stigma, so that the two 
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pollen-masses, after an interral of eleven days, could not be dLstin- 
guished eioept by the difference of their caudicles, which, of conrse, 
undergo no change. Fritz MUlIer has, moroever, made a large number 
of crosses between orchids belonging to distinct species and genera, 
and he finds that in all cases when the flowers are net fertilised their 
footstalks first begin to wither; and the withering slowly spreads upwards 
until the germens fall off, after an interval of one or two weeks, and in 
ene instance of between six and seven weeks ; but even in this latter case, 
and in most other cases, the pollen and stigma remained in appearance 
fresh. Occasienally, however, the pollen becomes brownish, generally on 
the external surface, and not in contact with the stigma, as is invariably 
the case when the plant’s own pollen is applied. 

Fritz Miiller observed the poisonous action of the plant’s own pollen 
in the above-mentioned Omidium jkxuoeum, 0. uatcome, pubes (t), and in 
two other unnamed species. Also in two species of Bodriguezia, in two of 
Notylia, in one of Burlingtonia, and of a fourth genus in the same group. 
In all these cases, except the last, it was proved that the flowers were, 
as might have been expected, fertile with pollen from a distinct plant 
of the same species. Numerous flowers of one species of Notylia were 
fertilized with pollen fi'om the same raceme; in two days’ time they 
alt withered, the germens began to shrink, the pollen-masses became dork 
brown, and not one pollen-grain emitted a tube. So that in this orchid 
the ipjnrious action of the plant’s own pollen is more rapid than with 
Oncidium fiexumum. Eight other flowers on the same raceme were 
fertilized with pollen from a distinct plant of the same species ; two of 
these were dissected, and their stigmas were found to be penetrated by 
numberless pollen-tubes; and the germens of the other six flowers became 
well developed. On a subsequent occasion many other flowers were 
fertiUzod with their own pollen, and all fell off dead in a few days ; whilst 
some flowers on the same raceme which had been left simply imfertilised 
adhered and long remained firesh. We have seen that in cross-unions 
between extremely distinct orchids the pollen long remains nndecayed ; 
but Notylia behaved in this respect differently; for when its pollen was 
placed on the stigma of Oncidium JUxuosum, both the stigma and pollen 
quickly became dark brown, in the same manner as if the plant’s own 
pollen had been applied. 

Fritz Muller suggests that, as in all these cases the plant’s own pollen is 
not only impotent (thus effectually preventing self-fertilization), but like- 
wise prevents, as wm ascertained in tlie case of the Notylia and Oncidium 
flrxumum, the action of subsequently applied pollen from a distinct 
individual, it would be an advantage to the plant to have its own pollen 
rendered more and more deleterious; for the germens would thus quickly 
be kiUed. and, dropping off, there would be no further waste in nourishing 
a part which ultimately could be of no avail Fritz Muller’s discovery 
that a plant’s own pollen and stigma in some cases act on each other as 
if mutually poisonous, is certainly most remarkable. 

We now come to cases closely ’analogous with those just 
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given, but different, inasmuch as individual plants alone of the 
species are self-impotent. This self-impotence does not depend 
on the pollen or ovules being in a state unfit for fertilisation, 
for both have been found effective in union with other plants 
of the same or of a distinct species. The fact of these plants 
having spontaneously acquired so peculiar a constitution, that 
they can be fertilised more readily by the pollen of a distinct 
species than by their own, is remarkable. These abnormal 
cases, as well as the foregoing normal cases, in which certain 
orchids, for instance, can be much more easily fertilised hy the 
pollen of a distinct species than by their own, are exactly the 
reverse of what occurs with all ordinary species. For in these 
latter the two sexual elements of the same individual plant 
are capable of freely acting on each other; but are so con- 
stituted that they are more or less impotent when brought into 
umon with the sexual elements of a distinct species, and produce 
more or less sterile hybrids. It would appear that the pollen 
or ovules, or both, of the individual plants which are in this 
abnormal state, have been affected in some strange manner by 
the conditions to which they themselves or their parents have 
been exposed ; but whilst thus rendered self-sterile, they have 
retained the capacity common to most species of partially 
fertilizing and being partially fertilized by allied forms. How- 
ever this may be, the subject, to a certain extent, is related 
to our general conclusion that good is derived from the act of 
crossing. 



Gartner experimented on two plants of LdMia ftdgmt, brought from 
separate places, and found” tliat their poUen was good, for he fertilised 
with it L. mrdimdis and syphilitica ; their OTules were likewise good, for 
they wore fertiUsed by the pollen of these same two species; but these 
two plants of L. fulytnt could not be fertilised by their own pollen, as can 
goneraUy be effected with perfect ease with this species. Again, the pollen 
of a plant of Verlxmum nigrum grown in a pot was found by Gartner” 
capable of fertilising V. lydmUii and V. Amtriacum; the ovules could 
be fertilised by the pollen of V. thapnu; but the flowers could not bo 
fertilised by their own poUen. Kolrouter, also," gives the case of three 
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garden plants of VerhaKum phanvxxm, which bore during two years many 
flowers; these he successfully fertilised by the pollen of no less than four 
distinct species, but they produced not a seed with their own apparently 
good pollen; subsequently these same plants, and others rais^ from 
seed, assumed a strangely fluctuating condition, being temporarily sterile 
on the male or female side, or on both sides, and sometimes fertile on 
both sides; but two of the plants were perfectly fertile throughout the 
summer. 

It appears'^ that certain flowers on eertain plants of LUiwn amlidum 
can be fertilised more easily by pollen from a distinct individual than by 
their own. So, again, with the varieties of the potato. Tinzmann,“ who 
made many trials with this plant, says that pollen from another variety 
sometimes " exerts a powerful influence, and I have found sorts of potatoes 
“ which would not bear seed from impregnation with the pollen of their 
" own flowers, would bear it when impregnated with other pollen.” It 
does not, however, appear to have been proved that the pollen which failed 
to act on the flower’s own stigma was in itself good. 

In the genus Passiflora it has long been known that several species do 
not produce fruit, unless fertilised by pollen taken from distinct species : 
thus, Mr. Mowbray" found that he could not get fruit from P. alala and 
mcemosa except by reciprocally fertilising them with each other’s pollen. 
Similar facts have been observed in Germany and France ;™ and I have 
received two authentic accounts of P. quadrangularis, which never pro- 
duced fruit witly its own pollen, but would do so freely when fertilised in 
one case with the pollen of P. arruha, and in another case with that of 
P. edttlu. So again, with respect to P. lauri/olia, a cultivator of much 
experience has recently remarked" that the flowers " must be fertilised 
with the pollen of P. arrulea, or of some other common kind, as their own 
pollen will not fertilise them.” But the fullest details on this subject have 
been given by Mr. Scott;" plants of Pamjtora raemwea, cceruha, and 
alata flowered profusely during many years in the Botanic Gardens of 
Edinburgh, and, though repeatedly fertilised by Mr. Scott and by others 
with their own pollen, never produced any seed ; yet this occurred at once 
with all three species when they were crossed together in various ways. 
But in the ease of P. con ideo, three plants, two of which grew in the 
Botanic Gardens, were all rendered fertile, merely by impregnating the one 
with pollen of the other. The same result was attained in the same 
manner with P. idata, but only with one plant out of three. As so many 
self-sterile species have been mentioned, it may be stated that in the case 
of P. gracUis, wMch is an annual, the flowers are nearly as fertile with their 
own pollen as with that frum a distinct plant ; thus sixteen flowers sponta- 
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neously self-fortiliscd produced fruit, each containing on an average 21'3 
seed, whilst fruit from fourteen crossed flowers contained 241 seed. 

Returning to P. alata, I have received (1866) some interesting details 
from Mr. Robinson Munro. Three plants, including one in England, have 
already been mentioned which were inveterately self-sterile, and Mr. Munro 
informs me of several others which, after repeated trials during many 
years, have been found in the same predicament. At some other places, 
however, this species fruits readily when fertilised with its own pollen. 
At Taymouth Castle there is a plant which was formerly grafted by Mr. 
Donaldson on a distinct species, name unhnown, and ever since the 
operation it has produced fruit in abundance by its own pollen; so that 
this small and unnatural change in the state of this plant has restored its 
self-fertility ! Some of the seedlings from the Taymouth Castle plant were 
found to be not only sterile with their own pollen, but with each other’s 
pollen, and with the pollen of distinct species. Pollen from the Taymouth 
plant failed to fertilise certain plants of the same species, but was successful 
on one plant in the Edinburgh Botanic Gardens. Seedlings were raised from 
this latter union, and some of their flowers were fertiUsed by Mr. Munro 
with their own pollen ; but they were fotmd to be as self-impotent as the 
mother-plant had always proved, except when fertilised by the grafted 
Taymouth plant, and except, as we shall see, when fertilised by her own 
seedlings. For Mr. Munro fertilised eighteen flowers on the self-impotent 
mothen-plant with pollen from these her own self-impotent seedlings, and 
obtained, remarkable as the &ct is, eighteen fine capsules full of excellent 
seedl I have met with no case in regard to plants which shows so well 
as this of P. cUaia, on what small and mysterious causes complete fertility 
or complete sterility depends. 

The facts hitherto given relate to the much-lessened or com- 
pletely destroyed fertility of pure species when impregnated 
with their own pollen, in comparison with their fertility when 
impregnated by distinct individuals or distinct species; but 
closely analogous facts have been observed with hybrids. 

Herbert states" that having in flower at the same time nine hybrid Hip- 
peastrums, of complicated origin, descended from several species, he found 
that "almost every flower touched with pollen from another cross produced 
“ seed abundantly, and those which were touched with their own pollen 
" either failed entirely, or formed slowly a pod of inferior size, with fewer 
" seeds.” In the * Horticultural Journal ’ he adds that, “ the admission of 
“ the pollen of another cross-bred Hippeastrum (however complicated the 
" cross) to any me flower of the number, is almost sure to check the fruc- 
“ tifleation of the others.” In a letter written to me in 1889, Dr. Herbert 
says that he had already tried these experiments during five consecutive 
years, and he subsequently repeated them, with the same invariable result. 



" ‘ Amarylli.laco®.’ 1837, p. 371 ; ‘ Jouroal of Hort. Soc.,' voL 11, 1847, p. 
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He was thus led to make an analogous trial on a pure species, namely, on the 
Hippautrum aidicum, which he had lately imported from Brazil : this bulb 
produced four flowers, three of which were fertilised by their own pollen, 
and the fourth by the pollen of a triple cross between H.bulbulnsum.regina, 
and vittatum ; the result was, that “ the ovaries of the three flrst flowers 
" soon ceased to grow, and after a few days perished entirely : whereas the 
" pod impregnated by the hybrid made vigorous and rapid progress to 
" maturity, and bore good seed, which vegetated freely.” This is, indeed, 
as Herbert remarks, “a strange truth,” but not so strange as it then 
appeared. 

As a conflrmation of these statements, I may add that Mr. M. Mayes,” 
after much experience in crossing the species of Amaryllis (Hippeastrum), 
says, " neither the species nor the hybrids will, we are well aware, produce 
seed so abundantly from their own pollen as from tliat of others.” So, 
again, Mr. Bidwell, in New South Wales,” asserts that AviarylUt belladonna 
bears many more seeds when fertilised by the pollen of Brunswigia (Ama- 
rgUis of some authors) Joeephino! or of B. muUiJiora, than when fertilised 
by its own pollen. Mr. Beaton dusted four flowers of a Cyrtanthus with 
their own pollen, and four with the pollen of Vallota (Amaryllis) purpurea ; 
on the seventh day “those which received their own pollen slackened 
“their growth, and ultimately perished ; those which were crossed with 
“ the Vallota held on.”" These latter cases, however, relate to uncrossed 
species, like those before given with respect to Passiflora, Orchids, &c., and 
are here referred to only because the plants belong to the same group of 
Amaryllidaceie. 

In the experiments on the hybrid Hippoastrums, if Herbert had found 
that the ]x>llcn of two or three lands alone had been more efficient on 
certain kinds than their own pollen, it might have been argued that these, 
from their mixed parentage, had a closer mutual affinity than the others; 
but this explanation is inadmissible, for the trials were made reciprocally 
backwards and forwards on nine difliorent hybrids; and a cross, whichever 
way taken, always proved highly beneflcial. I can add a striking and 
analogous case from experiments made by the Eev. A. Kawson, of Bromley 
Common, with some complex hybrids of Gladiolus. This skilful horti- 
culturist possessed a number of French varieties, differing from each other 
only in the colour and size of the flowers, all descended from Gandavonsis, 
a well-known old hybrid, said to be descended from G. Notalensis by the 
pollen of O. oppositijiorus.” Mr. Bawson, after repeated trials, found 
that none of the varieties would set seed with their own pollen, although 



” Radon’s ‘Gardener’s Magazine,’ 
” ’Gardener’s Clrroniolo,’ 1850, p. 

” ‘Journal Hert Sec,’ vol. v. p. 
135. The seedlings thus raised were 
given to the Hort. Sec. ; but I find, on 
inquiry, that they unfortunately died 
the following winter. 



W Mr. D. Beaton, in ‘ Journal of 
Hort.,’ 1861, p. 453. Lecoq, however 
(‘De U Feeond.,’ 1862, p. 369), states 
that this hybrid is descended from 
G. fmUacinus and eardinalisj but tliis 
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token from distinct plants of the same Tariety, which had, of course, been 
propagated by bulbs, but that they all seeded freely with pollen’ from 
any other variety. To give two examples ; Ophir did not produce a capsule 
with its own pollen, but when fertilised with that of Janire, Brenchleyensis 
Vulcain, and Linn4, it produced ten fine capsules ; but the pollen of Ophir 
was good, for when Liim6 was fertilised by it seven capsules were 
produced. This latter variety, on the other hand, was utterly barren with 
its own pollen, which we have seen was perfectly efficient on Ophir. 
Altogether, Mr. Eawson, in the year 1861, fertilised twenty-six flewers 
borne by four variotios with pollen token from other varieties, and every 
single flower produced a fine seed-capsule; whereas fifty-two flowers 
on the same plants, fertilised at the same time with their own pollen 
did not yield a single seed-capsule. Mr. Eawson fertilised, in some cases' 
the alternate flowers, and in other coses all those down one side of the 
spike, with pollen of other varieties, and the remaining flowers with their 
own pollen; I saw these plants when the capsules were nearly mature, 
and their curious arrangement at once brought full conviction to the 
mind that an i m mense advantage hod been derived from crossing these 
hybrids. 

Lastly, I have heard from Dr. E. Bomet, of Antibes, who has made 
numerous experiments in crossing the species of Cistus, but has not 
yet publisliod the results, that, when any of these hybrids are fertile, 
they may be said to be, in regard to function, dioecious ; ‘‘for the flowers 
" are always sterile when the pistil is fertilised by pollen taken from the 
" rame flower or from flowers on the same plant But they are often fertile 
“ if pollen be employed from a distinct individual of the same hybrid 
“ nature, or from a hybrid made by a reciprocal cross.” 

Cmclumn . — The facts just given, which show that certain 
plants are self-sterile, although both sexual elements are in a 
fit state for reproduction when united with distinct individuals 
of the same or other species, appear at first sight opposed to all 
analogy. The sexual elements of the same flower have become, 
as already remarked, differentiated in relation to each other, 
almost like those of two distinct species. 

With respect to the species which, whilst living under their 
natural conditions, have their reproductive organs in this peculiar 
state, we may conclude that it has been naturally acquired for 
the sake of effectually preventing self-fertilisation. The case is 
closely analogous with dimorphic and trimorphic plants, which 
can be fully fertilised only by plants belonging to the opposite 
form, and not, as in the foregoing cases, indifferently by any 
other plant. Some of these dimorphic plants are completely 
sterile with pollen taken from the same plant or hem the same 
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form. It is interesting to obserre the graduated series from 
plants which, when fertilised by their own pollen, yield the fall 
number of seed, but with the seedlings a little dwarfed in 
stature — ^to plants which when self-fertilised yield few seeds — ^to 
those which yield none — and, lastly, to those in which the 
plant’s own pollen and stigma act on each other like poison. 
This peculiar state of the reproductiTe organs, when occurring 
in certain individuals alone, is evidently abnormal ; and as it 
chiefly affects exotic plants, or indigenous plants cultivated in 
pots, we may attribute it to some change in the conditions of 
life, acting on the plants themselves or on their parents. The 
self-impotent P<mifiora data, which recovered its self-fertility 
after having been grafted on a distinct stock, shows how small 
a change is suflScient to act powerfully on the reproductive 
system. The possibility of a plant becoming imder culture self- 
impotent is interesting as throwing light on the occurrence of 
this same condition in natural species. A cultivated plant in 
this state generally remains so during its whole life ; and from 
this fact we may infer that the state is probably congenital. 

Kiilrenter, however, has described some plants of Verbascnm 
which varied in this respect even during the same season. As 
in all the normal cases, and in many, probably in most, of the 
abnormal cases, any two self-impotent plants can reciprocally 
fertilize each other, we may infer that a very slight difference 
in the nature of their sexual elements suflSces to give fertility ; 
but in other instances, as with some Passifloras and the 
hybrid Gladioli, a greater degree of differentiation appears 
to be necessary, for with these plants fertility is gained 
only by the union of distinct species, or of hybrids of distinct 
parentage. These facts all point to the same general conclusion, 
namely, that good is derived from a cross between individuals, 
which either innately, or from exposure to dissimilar conditions, 
have come to differ in sexual constitution. 

Exotic animals confined in menageries are sometimes in 
nearly the same state as the above-described self-impotent 
plants ; for, as we shall see in the following chapter, certain 
monkeys, the larger carnivora, several finches, geese, and phear 
sants, cross together, quite as freely as, or even more freely than, 
the individuals of the same species breed together. Cases will. 
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also, be given of sexual incompatibility between certain male 
and female domesticated animals, which, nevertheless, are fertile 
when matched with any other individual of the same kind. 

In the early part of this chapter it was shown that the 
crossing of distinct forms, whether closely or distantly alUed, 
gives increased size and constitutional vigour, and, except in 
the case of crossed species, increased fertility, to the offspring. 
The evidence rests on the universal testimony of breeders (for 
it should be observed that I am not here speaking of the evil 
results of close interbreeding), and is practically exemplified in 
the higher value of cross-bred animals for immediate consump- 
tion. The good results of crossing have also been demon- 
strated, in the case of some animals and of numerous, plants, 
by actual weight and measurement. Although animals of pure 
blood will obviously be deteriorated by crossing, as far as their 
characteristic qualities are concerned, there seems to be no 
exception to the rule' that advantages of the kind just men- 
tioned are thus gained, even when there has not been any 
previous close interbreeding. The rule applies to all animals, 
even to cattle and sheep, which can long resist breeding in-and- 
in between the nearest blood-relations. It applies to individuals 
of the same sub-vaidety but of distinct families, to varieties or 
races, to sub-species, as well as to quite distinct species. 

In this latter case, however, whilst size, vigour, precocity, 
and hardiness are, with rare exceptions, gained, fertihty, in a 
greater or less degree, is lost ; but the gain cannot be exclu- 
sively attributed to the principle of compensation ; for there is 
no close parallelism between the increased size and vigour of 
the offspring and their sterility. Moreover it has been clearly 
proved that mongrels which are perfectly fertile gain these 
same advantages as well as sterile hybrids. 

The evil consequences of long-continued close interbreeding 
are not so easily recognised as the good effects from crossing, 
for the deterioration is gradual. Nevertheless it is the general 
opinion of those who have had most experience, especially with 
animals which propagate quickly, that evil does inevitably follow 
sooner or later, but at different rates with different animals. 
No doubt a false belief may widely prevail like a superstition ; 
yet it is difficult to suppose that so many acute and original 
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observers have all been deceived at the expense of much cost 
and trouble. A male animal may sometimes be paired with his 
daughter, granddaughter, and so on, even for seven generations, 
without any manifest bad result ; but the experiment has never 
been tried of matching brothers and sisters, which is considered 
the closest form of interbreeding, for an equal number of gene- 
rations. There is good reason to believe that by keeping the 
members of the same family in distinct bodies, especially if 
exposed to somewhat different conditions of life, and by occa- 
sionally crossing these families, the evil results may be much 
diminished, or quite eliminated. These results are loss of con- 
stitutional vigour, size, and fertility ; but there is no necessary 
deterioration in the general form of the body, or in other good 
qualities. We have seen that with pigs first-rate animals have 
been produced after long-continued close interbreeding, though 
they had become extremely infertile when paired with their 
near relations. The loss of fertility, when it occurs, seems never 
to be absolute, but only relative to animals of the same blood ; 
so that tills sterility is to a certain extent analogous with that 
of self-impotent plants which cannot be fertilised by tlieir own 
pollen, but are perfectly fertile with pollen of any other plant 
of the same species. The fact of infertility of this peculiar 
nature being one of the results of long-continued interbreeding, 
shows that interbreeding does not act merely by combining 
and augmenting various morbid tendencies common to both 
parents ; for animals with such tendencies, if not at the time 
actually ill, can generally propagate their kind. Although 
offspring descended from the nearest blood-relations are not 
necessarily deteriorated in structure, yet some authors™ believe 
that they are eminently liable to malformations; and this is 
not improbable, as everything which lessens the vital powers 
acts in this manner. Instances of this kind have been recorded 
in the case of pigs, bloodhounds, and some other animals. 



FinaUy, when we consider the various facts now given which 
plainly show that good follows from crossing, and less plainly 



This is the oonclusion of Prof. 
Deray, ‘ Du Danger des Manages Con- 
aang.’ 1862, p. 97. Virchow quotes, 
in the 'Deutsche Jahrbiicher,’ 1863, a. 



Prof. 354 , 1 



cases of a peculiar form of blindness 
occurtiug in the offspring from 



4, some curious evidence on half the 
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that evil follows from close interbreeding, and when we bear in 
mind that thronghout the whole organic world elaborate pro- 
vision has been made for the occasional union of distinct indi- 
viduals, the existence of a great law of nature is, if not proved, 
at least rendered in the highest degree probable; namely, that 
the crossing of animals and plants which are not closely related 
to each other is highly beneficial or even necessary, and that 
interbreeding prolonged during many generations is highly 
injurious. 
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CHAPTEK XVIII. 

ON THE ADVANTAGES AND DISADVANTAGES OF CHANGED 
CONDITIONS OF LIFE: STERILITY FROM VARIOUS CAUSES. 

OS THE GOOD DERIVED PROM SLIGHT CHANGES IN THE CONDITIONS OP LIFE— 

STERanr from changed conditions, in animals, in their native country 

AND, IN MENAGERIES — MASIMALS, BIRDS, AND INSECTS— LOSS OF SECONDARY 
SEXUAL CHARACTERS AND OP INSTINCTS — CAUSES OP STERILITY — STERILITY 

BILm OP INDmDUAL ANIMALS — STERILITY OP PLANTS PROM CHANGED CONDI- 
TIONS OP LIFE- CONTABE8CENCB OP THE ANTHERS — MONSTROSITIES AS A CAUSE 
OF STERILITY — DOUBLE FLOWERS — SEEDLESS FRUIT — 8TEBILITT FROM THE 
EXCESSIVE DEVELOPMENT OP THE ORGANS OP VEGETATION — FROM LONG-CONTINUED 
PROPAGATION BY BUDS — INCIPIENT STEBttITY THE PRIMARY CAUSE OF DOUBLE 

On the Good derived from slight Changes in the Cmditions of 
Life. — In considering whether any facts were known which 
might throw light on the conclusion arriyed at in the last 
chapter, namely, that benefits ensue from crossing, and that it is 
a law of nature that all organic beings should occasionally cross, 
it appeared to me probable that the good derived from slight 
changes in the conditions of life, from being an analogous phe- 
nomenon, might serve this purpose. No two individuals, and 
still less no two varieties, are absolutely alike in constitution 
and structure ; and when the germ of one is fertilised by the 
male element of another, we may believe tliat it is acted on in 
a somewhat similar manner as an individual when exposed to 
slightly changed conditions. Now, every one must have ob- 
served the remarkable influence on convalescents of a change of 
residence, and no medical man doubts the truth of this fact. 
Small farmers who hold but little land are convinced that their 
cattle derive great benefit from a change of pasture. In the 
case of plants, the evidence is strong that a great advantage is 
derived from exchanging seeds, tubers, bulbs, and cuttings from 
one soil or place to another as different as possible. 

VOL. II. 
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The belief that plants are thus benefited, whether or not well founded, 
has been firmly maintained from the time of Columella, who wrote shortly 
after the Christian era, to the present day ; and it now prevails in England 
France, and Germany.' A sagacious observer, Bradley, writing in 1724 « 
says, “ When we once become Masters of a good Sort of Seed, we should at 
“ least put it into Two or Three Hands, where the Soils and Situations are 
“ as different ns possible ; and every Year the Parties should change with 
“ one another; by which Means, 1 find the Goodness of the Seed will be 
“ maintained for several Years. For W'ant of this Use many Fanners 
" have failed in their Crops and been great Losers.” He then gives his 
own practical experience on this head. A modem writer* assorts, “ Nothing 
“ can be more clearly established in agriculture than that the continual 
“ growth of any one variety in the same district makes it liable to dete- 
" rioration cither in quality or quantity.” Another writer states that ho 
sowed close together in the same field two lots of whcatnBeed, the product 
of the same original stock, one of which had been grown on the same 
land, and the other at a distance, and the difference in favour of the crop 
from the latter seed was remarkable. A gentleman in Surrey who has 
long made it his business to raise wheat to sell for seed, and who has 
constantly realised in the market higher prices than others, assures mo 
that he finds it indispensable continually to change his seed; and that for 
this purpose he keeps two farms differing much in soil and elevation. 

With respect to the tubers of the potato, I find that at the present day 
the practice of exchanging sets is almost everywhere followed. The great 
growers of potatoes in Lancashire formerly used to get tubers from 
Scotland, but they found that “ a change from the moss-lands, and via 
vmS, was generally sufificient.” In former times in France the crop of 
potatoes in the Vosges had become reduced in the course of fifty or sixty 
years in the proportion from 120-150 to 80-40 bushels ; and the famous 
Oberlin attributed the surprising good which he effected in large part to 
changing the sets.* 

A well-known practical gardener, Mr. Hobson,* positively states that he 
has liimself witnessed decided advantage from obtaining bulbs of the 
onion, tubers of the potato, and various seeds, all of the same kind, fiom 
different soils and distant parts of England. He further states that with 



' For England, aee below. For 
Germany, 9ce Metzger, ‘ Getreidearten,* 
1841, B. 63. For France. LoUelcur-Des- 
longdiamps (‘ Consid. but lee C^reales,’ 
1843. p.200) gives numerous references 
on tins subject. For Southern France, 
see Godron, ‘ Florula Juvenalis,’ 1854, 

p. 28. 

* * A General Treatise of Husbandry,’ 

» * G^enei's Chronicle and Agricult. 
Gazette,’ 1858, p. 247; and for Uie 
second statement, idem. 1850, p. 702 
On this same subject, see also Kev. D. 



Walker’s ‘Prize Es»y of Highlsal 
Agricult. Soc.,' vol. ii. p. 200. Ala) 
MorahaU’s ‘Minutes of Agriculture, 



p. 73. For Lancashire, a* 

Eeviow of Eeports,’ 1S08, p. 295. 

* ‘Cottage Gardener,’ 1856, p. Iw- 
For Mr. Hobson’s subsequent state- 
ments, see ‘Journal of Horticultons 
Feb. 18, 1866, p. 121. For Mr. Abtay » 
remarks on grafting, 4o., idem, July 
1865, p. 44. 
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plants propa^tatcd by cuttings, as with the Pelargonium, and especially the 
Dalilia, manifest advantage is derived from getting plants of the same 
variety, wliich have been cultivated in another place; or, “where the 
“ estent of the place allows, to take cuttings ftom one description of soil 
“ to plant on another, so as to afford the change that seems so necessary 
“ to the well-being of the plants.” He maintains that after a time an 
exchange of this nature is “ forced on the grower, whether he be pre- 
“ jiared for it or not.” Similar remarks have been made by another excellent 
gardener, Jfr. Fish, namely, that cuttings of the same variety of Cal- 
ceolaria, which he obtained from a neighbour, “showed much greater 
“ vigour than some of his own that were treated in exactly the same 
“ manner,” and he attributed this solely to his own plants having become 
“ to a certain extent worn out or tired of their quarters.” Something of 
this kind apparently occurs in grafting and budding fruit-trees; for, 
according to Mr. Abbey, grafts or buds generally take on a distinct variety 
or even species, or on a stock previously grafted, with greater facility than 
on stocks raised from seeds of the variety which is to bo grafted ; and ho 
l>elieves this cannot be altogether explained by the stocks in question being 
better adapted to the soil and climate of the place. It should, however, 
bo added, that varieties grafted or budded on very distinct kin^, though 
they may take more readily and grow at first more vigorously than when 
grafted on closely allied stocks, afterwards often become unhealthy. 

I have studied M. Tessicifs careful and elaborate experiments,* made 
to disprove tlio common belief that good is derived from a change of seed ; 
and he certainly shows that the same seed may with care be cultivated on 
the same farm (it is not stated whether on exactly the same soil) for ten 
consecutive years without loss. Another excellent observer. Colonel Le 
Couteur,' has come to the same conclusion; but then he expressly. adds, 
if the some seed be used, “ that which is grown on land manured from the’ 
“ mixen one year becomes seed for land prepared with lime, and that 
“ again becomes seed for land dressed with ashes, then for land dressed 
“ with mixed manure, and so on.” But this in effect is a systematic 
cxcliange of seed, within the limi ts of the same farm. 

On the whole the belief, which has long been held by many 
skilful cultivators that good follows from exchanging seed, 
tubers, &c., seems to be fairly well founded. Considering the 
small size of most seeds, it seems hardly credible that the ad- 
vantage thus derived can be due to the seeds obtaining in one 
soil some chemical element deficient in the other soil. As 
plants after once germinating naturally become fixed to the 
same spot, it might have been anticipated that they would 
show tlie good effects of a change more plainly than animals, 
which continually wander about; and this apparently is the 
« ‘Mem. de I'Acad. dea Sciencea,’ 1790, p. 209. 

of Wheal,’ p. 52. 
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case. Life depending on, or consisting in, an incessant play of 
the most complex forces, it would appear that their action is in 
some way stimulated by slight changes in the circumstances to 
which each organism is exposed. All forces throughout nature, 
as Mr. Herbert Spencer* remarks, tend towards an equili- 
brium, and for the life of each being it is necessary that this 
tendency should be cheeked. If these views and the foregoing 
facts can be trusted, they probably throw light, on the one hand, 
on the good effects of crossing the breed, for the germ will be 
thus slightly modified or acted on by new forces ; and on the 
other hand, on the evil effects of close interbreeding prolonged 
during many generations, during which the germ will be acted 
on by a male having almost identically the same constitution. 



Sterility from changed Conditions of Life. 

I will now attempt to show that animals and plants, when re- 
moved from their natural conditions, are often rendered in some 
degree infertile or completely barren ; and this occurs even when 
the conditions have not been greatly changed. This conclusion 
is not necessarily opposed to that at which we have just arrived, 
namely, that lesser changes of other kinds are advantageous to 
organic beings. Our present subject is of some importance, from 
having an intimate connexion with the causes of variability. 
Indirectly it perhaps bears on the sterility of species when 
crossed : for as, on the one hand, slight changes in the conditions 
of life are favourable to plants and animals, and the crossing of 
varieties adds to the size, vigour, and fertility of their offspring; 
so, on the other hand, certain other changes in the conditions 
of life cause sterility ; and as this likewise ensues from 
crossing much-modified forms or species, we have a parallel 
and double series of facts, which apparently stand in close rela- 
tion to each other. 

It is notorious that many animals, though perfectly tamed, 

• Mr. Spencer hae fully and ably die- breeding, and of the evil effects 
cussed this whole subject in his ‘ Prin- great changes in the conditions ami 
ciples of Biology,’ ISOt, vol, ii, oh, x. from crossing widely distinct 



Iii tho first edition of my ■ Origin of a scries of facts “connected togctlxa by 
Species,’ 1859, p. 2S7, I spoke of tho some common but unknown bond, wines 
good effects ftom slight changes in is essonUally related to the principle « 

the coiuUtioDS of life and from cross- life.” 
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refuse to breed in captivity. Isidore Geoffrey St. Hilaire’ 
consequently has drawn a broad distinction between tamed 
animals which will not breed under captivity, and truly domes- 
ticated animals which breed freely— generally more freely, 
as shown in the sixteenth ehapter, than in a state of nature. 
It is possible and generally easy to tame most animals; but 
exjwrience has shown that it is dillicult to get them to breed 
i-egularly, or even at all. I shall discuss this subject in detail ; 
but will give only those cases which seem most illustrative. 
My materials are derived from notices scattered tlu-ough various 
works, and especially from a Eeport, drawn up for me by the 
kindness of the officers of the Zoological Society of London, 
which has especial value, as it records all the cases, during nine 
years from 1838-46, in which the animals were seen to couple 
but produced no offspring, as well as the cases in which they never, 
as far as known, coupled. This MS. Eeport I have corrected 
by the annual Keports subsequently published. Many facts are 
given on the breeding of the animals in that magnificent work, 

‘ Gleanings from the Menageries of Knowsley Hall,’ by Dr. Gray. 
I made, also, particular inquiries from the experienced keeper 
of the birds in the old Surrey Zoological Gardens. I should 
premise that a slight change in the treatment of animals some- 
times makes a great difference in their fertility; and it is 
probable that the results observed in different menageries would 
differ. Indeed some animals in our Zoological Gardens have 
become more productive since the year 1846. It is, also, mani- 
fest from F. Cuvier’s account of the Jardin des Plantes,'® that 
the animals formerly bred much less freely there than with us ; 
for instance, in the Duck tribe, which is highly prolific, only one 
species had at that period produced young. 

The most remarkable cases, however, are afforded by animals kept in 
their native country, which, though perfectly tamed, quite healthy, and 
allowed some freedom, are ahmlutely incapable of breeding. Kengger," who 
in Pa.raguay particularly attended to this subject, specifies six quadrapeds 
in this condition: and ho mentions two or three others which most rarely 



• •EssaisdeZoologioGe'aiiralc.’lSIl 

p.256. 

Du Hut, ‘Annales du MusCum, 
1807, tom. ix. p. 120. 



, " ‘Saugethiere von Paraguay.’ 1830, 

a 40, 106, 118, 124, 201, 208, 249, 263, 
’ 327. 



Danwin Online: By permission i 






! Natural History Museum (London) 



150 



STERILITY FROM 



Cn*P. XVIII. 



breed. Mr. Bates, in his admirable work on the Amazons, strongly 
insists on similar cases and he remarks, that the fact of thoroughly 
tamed native mammals and birds not breeding when kept by the Indians, 
cannot bo wholly accounted for by their negligence or indifference, for 
tlie turkey and fowl are kept and bred by various remote tribes. ” lu 
almost every part of the world— for instance, in the interior of Africa, 
and in several of the Polynesian islands— the natives are extremely fond 
of taming the indigenous quadrupeds and birds; but they rarely or never 
succeed in getting them to breed. 

The most notorious ease of an animal not breeding in captivity is that 
of the elephant. Elephants are kept in large numbers in their native 
Indian home, live to old age, and are vigorous enough for the severest 
labour; yet, with one or two exceptions, they have never been known even 
to couple, though both males and females have their proper periodical 
seasons. If, however, we proceed a little eastward to Ava, we hear from 
Mr. Ci-awfiird” that their “ breeding in the domestic state, or at least in 
the half-domestic state in which the female elephants are generally kept, 
is of every-day occurrence ;” and Mr. Crawfurd informs mo that he believes 
tliat the iffercnce must be attributed solely to the females being allowed 
to roam the forests with some degree of freedom. The captive rhinoceros, 
on the other hand, seems from Bishop Heber’s account'* to breed in India 
far more readily than the elephant. Pour wild species of tho horse genus 
have bred in Europe, though here exposed to a great change in their 
natural habits of life ; but tho species have generally been crossed one with 
another. Most of the members of the pig family breed readily in our 
menageries : even tho Bod Bivor hog {Pctamochterus penicillatus), from tho 
sweltering plains of West Africa, has bred twice in the Zoological Gardens. 
Hero also tho Peccary {Dicotytes iorquatus) has bred several times; but 
another species, the D. lahiatus, though rendered so tamo as to he half- 
domesticated, breeds so rarely in its native country of Paraguay, that 
according to Eengger'’ tho fact requires confirmation. Mr. Bates remarks 
that tho tapir, though often kept tamo in Amazonia by tho Indians, 

Bnminants generally breed quite freely in England, though brought 
from widely differ-ent climates, as may be seen in tho Annual Beports of 
the Zoological Gardens, and in the Gleanings from Lord Derby’s menagerie. 

Tho Carnivora, with the exception of the Plantigrade division, generally 
breed (though with capricious exceptions) almost as freely as ruminanta 
Many species ofFelidse have bred in various menageries, althongh imported 
from various elimates and closely confined. Mr. Bartlett, the present 
superintendent of tho Zoological Gardens,'* remarks that the lion appears 
to breed more frequently and to bring forth more young at a birth than 
any other species of tho family. Ho adds that tho tiger has rarely bred; 



'* ‘ Tho Naturalist on tho Amazons,’ 
1863, vol. i. pp. 99, 193; vol. ii. p. 
113. 

“ ‘Embassy to the Court of Avn,’ 
voL i. p. 531. 



" ‘Journal,’ vol. i. p. 213. 

“ ‘ Saugethiero,’ s. 327. 

" On tho Brooding of the' larger 
Felidm, ‘ Proc. Zoolog. Soc,' 18C1, p 



Darwin Online: By permission i 



! Trustees of the Natural History Museum (London) 



152 



STERIUTY FROM 



CttiP. xvm. 



occurring elsewhere in England, and the event must he very rare, for an 
instance in Germany has been thought worth recording .« In Pfingnay 
the native Nasua, though kept in pairs during many years and perfeetly 
tamed, has never been known, according to Eengger, to breed or show 
any sexual passion ; nor, as I hear from Mr. Bates, docs this animal, or 
the Ccrcoleptes, breed in the region of tlie Amazons. Two other planti- 
grade genera, Procyon and Gulo, though often kept tamo in Paraguay, never 
breed there. In the Zoological Gardens species of Nasua and Procyon 
have been seen to couple ; but they did not produce young. 

As domesticated rabbits, guinea-pigs, and white mice breed so abun- 
dantly when closely confined under various climates, it might have been 
thought Uiat most other members of the Eodent order would have bred 
in captivity, but this is not the case. It deserves notice, as showing hew 
the capacity to breed sometimes goes by affinity, that the one nativo 
rodent of Paraguay, which there breeds /reefy and has yielded suecessive . 
generations, is the Cavia ajxrea ; and this animal is so closely allied to the 
guinea-pig, that it has been erroneously thought to be the parent-form.® 
In the Zoological Gardens, some rodents Imve coupled, but have never 
produced young; some have neither coupled nor bred; but a low have 
bred, as the porcupine more than once, tlie Barbary mouse, lemming, chin- 
chilla, and the agouti {Daxyproda aguti), several times. This latter animal 
has also produced young in Paraguay, though they were bom dead and 
ill-formed ; but in Amazonia, according to Mr. Bates, it never breeds, 
though often kept tame about the houses. Nor does the paca (Ccdogeny$ 
paca) breed there. The common hare when confined has, I believe, never 
bred in Europe ; ” though, according to a recent statement, it has crossed 
with the rabbit. 1 have never heard of the dormouse breeding in confine- 
ment But squirrels offer a more curious case : with one exception, no 
species has ever bred in the Zoological Gardens, yet as many as fourteen 
individuals of S. palmarum were kept together during several years. The 
S. cinerea has been seen to couple, but it did not produce young; nor has 
this species, when rendered extremely tamo in its native country, IJprth 
America, been ever known to breed.” At Lord Derby’s menagerie squirrels 
of many kinds were kept in numbers, but Mr. Thompson, the superin- 
tendent, told me that none had over bred there, or elsewhere as far ae 
he knew. I have never heard of the English squirrel breeding in con- 
finement, But the species which has bred more than once in the Zoological 
Gardens is the one which perhaps might have been least expected, namely, 
the flying squirrel (Sciuropta-us valuedla) : it has, also, bred several times 



■’ ■VViogmnnn’s 'Archif fiir Notur- 
gesch.,’ 1837, a. 1G2. 

“ Rengger, ‘ Saugethicre,' Ac., 8. 276. 
On the parentage of the guinea-pig, 
8« also Isid. Geoffioy St. Hilaire, ‘ Hist. 
Nat. Gdn.’ 

“ Although the existenoo of the 
Leporitkt, as described by Dr. Broca 
(‘journal do Phya,’ tom. ii. p. 370), 
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near Birmingham; hut the female never produced more than two young 
at a birth, whereas in its native American home she bears from three to six 

^ Moneys, in the nine-year Report from the Zoological Gardens, are 
stated to unite most freely, but during this period, though many indi- 
viduals were kept, there were only seven births. I have heard of one 
American monkey alone, the Ouistiti, breeding in Europe.” A Macacus, 
according to Flourens, bred in Paris ; and more than one species of tliis 
genus has produced young in London, especially the Macacus rhesus, 
wliich everywhere shows a special capacity to breed under confinement. 
Hybrids have been produced both in Paris and London from this samo 
genus. The Arabian baboon, or Uynoccphalm hamadryas^ and a Cer- 
c^ithecus have bred in the Zoological Gardens, and the latter species 
at the Duke of Northumberland’s. Several members of the family of 
, Lemrms have produced hybrids in the Zoological Gardens. It is much 
more remarkable that monkeys very rarely breed when confined in their 
native country; thus the Cay {Cchus asarce) is frequently and completely 
tamed in Paraguay, but Rengger” says that it breeds so rarely, that he 
never saw more than two females wliich had produced young. A similar 
observation has been made with respect to the monkeys which are fre- 
quently tamed by the aborigines in Brazil.” In the region of tho 
Amazons, these animats are so often kept in a tamo state, that Mr. Bates 
in walking through the streets of Para counted thirteen species; but, as 
he asserts, they have never been known to breed in captivity.” 



Birds. 

Birds offer in some respects better evidence than quadrupeds, from their 
breeding more rapidly and being kept in greater numbers. Wo have seen 
that carnivorous animals are more fertile under confinement than most 
other mammals. The reverse holds good with carnivorous birds. It is 
said® that as many as eighteen species have been used in Europe for 
hawking, and several others in Persia and India;* they have been kept in 
their native cmmtry in the finest condition, and have been flown during 
six, eight, or nine years;* yet there is no record of their having ever 
produced young. As these birds were formerly caught whilst young, at 
great expense, being imported from Iceland, Norway, and Sweden, there can 



* Loudon’s - Mag. otNnt. Hiat.,’vol. 
ix.. 183G, p. 571; Audubon and Bach- 
man’s ‘ Quadrupeds of North America,' 

p. 221. 

*> flourens, ‘ De rinstinct,’ Ac., 1815, 

p. 88. 

« See ‘ Annual Reports Zoolog. Soc.,’ 
1855, 18.78, 18G3, ISM; ‘Times' news- 
paper, Aug. 10th, 1817 ; Flourens, ‘ Do 
I'Instinct,’ p. 85. 

” ‘Saugethiere,' Ac., s. 34, 49, 
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be little doubt that, if poraible, they would have been propagated. In the 
Jardin des Plantes, no bird of prey has been known to couple.” No hawk 
vulture, or owl has ever produced fertile eggs in the Zoolo^cal Gardena’ 
or in the old Surrey Gardens, with the exception, in the former place on 
one occasion, of a condor and a kite (,MUvus ni<jer). Yet several sneciea 
namely, the Aquila fuxa, Haliatm UuaxxpJuUua, Falco tinnimculia, F 
buteo and Buteo vulgaris, have been seen to couple in the Z^logicl 
Gardens. Mr. Morris” mentions as a unique fact that a kestrel (Falco 
tinnunculm) bred in an aviary. The one kind of owl which has been 
kno\m to couple in the Zoological Gardens was the Eagle Owl (Ituho 
maximus); and this species shows a special inclination to breed in 
captivity; for a pair at Arundel Castle, kept more nearly in a state of 
nature “ than ever fell to the lot of an animal deprived of its liberty,”" 
actually reared their young. Mr. Gurney has given another instance’ of ' 
this same owl breeding in confinement ; and he records the case of a second 
species of owl, the Btrix passerina, breeding in captivity.” 

Of the smaller graminivorous birds, many kinds hove been kept tame in 
their native coimtries, and have lived long; yet, as the highest authority 
on cage-birds” remarks, their propagation is " uncommonly difficult.” 
The canary-bird shows that there is no inherent difficulty in those birds 
breeding freely in confinement; and Audubon says” that the Fringilla 
(Spiza) ciris of North America breeds as perfectly as the canary. The 
difficulty with tho many finches which have been kept in confinement is 
all the more remarkable as more than a dozen species could be named 
which have yielded hybrids with tho canary; but hardly any of these, with 
the exception of tho siskin (Fringilla spinus), have reproduced their own 
I™d. Even tho bullfinch (Ixaia pyrrhula) has bred as frequently with 
fto ranary, though belonging to a distinct genus, as with its own species.” 
With respect to tho skylark (Alauda arvensis), I have heard of birds living 
for ^ven years in an aviary, which never produced young; and a great 
I^ndon bird-fancior assured mo that he had never known an instance of 
their breeding; nevertheless ono cose has been recorded* In the nine- 
year Koport from the Zoological Society, twenty-four incessorial specie 
are enumerated which had not bred, and of these only four were known 
to have coupled. 

Parrots are singularly long-lived birds; and Humboldt mentions tho 
curious fact of a parrot in South America, which spoke tho language of 
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an eitinct Indian tribe, bo that this bird preserved the sole relie of a lost 
language. Even in this country there is reason to believe* that parrots 
have lived to the ago of nearly one hundred years; yet, though many 
have been kept in Em'opo, they breed so rarely that the event has been 
thought worth recording in the gravest publications." According to 
Beclistein" the African f'sjVtacua erUhacm breeds oflener than any other 
species ■ the 1‘ mieoa occasionally lays fertile eggs, but rarely succeeds in 
hatching them; this bird, however, has the instinct of incubation some- 
times so strongly develop^, that it will hatch the eggs of fowls or pigeons. 
In the Zoological Gardens and in the old Surrey Gardens some few species 
have coupled, but, with the exception of three species of parrakeets, none 
have bred. It is a much more remarkable fiict that in Guiana parrots of 
two kinds, as I am informed by Sir E. Schomburgk, are often token from 
the nests by the Indians and reared in large numbers ; they ore so tame 
that they fly freely about the houses, aud come when ealled to be fed, liko 
pigeons; yet he has never heard of a single instance of their breeding." 
In Jamaica, a resident naturalist, Mr. R. Hill, “ says, " no birds more readily 
“ submit to human dependence than the parrot-trilxj, but no instance of a 
“ parrot breeding in this tame life has been known yet.” Mr. Hill specifies 
a number of other native birds kept tame in the West Indies, which never 
breed in this state. 

The great pigeon family offers a striking contrast with imrrots ; in the 
nine-year Report tliirtecn species are recorded as having bred, and, what is 
more noticeable, only two were seen to couple without any result Since 
the abeve date every annual Report gives many cases of various pigeons 
breeding. The two magnificent crowned pigeons (Ooura ammata and 
Vktorm) produced hybrids; nevertheless, of the former species mote tlian 
a dozen birds were kept, as I am informed by Mr. Crawfurd, in a park at 
Penary, under a perfectly well-adapted climate, but never once bred. The 
Cdumba migratoriii in its native country. North America, invariably lays 
two eggs, but in Lord Derby’s menagerie never more than one. The same 
fact has been observed with the C. leuccKxphaUi.*' 

Gallinaceous birds of many genera likewise show an eminent capacity 
for breeding under captivity. 'This is particularly the case with pheasants 
yet our English species seldom lays more than ten eggs in confinement ; 
whilst from eighteen to tw-enty is the usual number in the wild state." 
With the Gallinaceae, as with all other orders, there are marked and inex- 
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birds belonging to this order will not breed in their native country, 
Jamaica; and the Psophia, though often kept by the Indians of Guiana 
aliont their houses, " is seldom or never known to breed.”“ 

No birds breed with such completo facility under confinement as the 
members of the great Duck family; yet, considering their aquatic and 
wandering liabits, and the nature of their food, this conld not have 
been anticipated. Even some time ago above two dozen species had 
bred in the Zoological Gardens ; and M. Selys-Longohamps has recorded 
the production of hybrids from forty-four different memlicrs of the family; 
and to these Professor Newton has added a few more cases." " There is 
not,” says Mr. Dixon," “ in the wide world, a goose which is not in the strict 
sense of the word domesticable ;” that is, capable of breeding under con- 
finement ; but this statement is probably too bold. The capacity to breed 
sometimes varies in individuals of the same species ; thus Audubon “ kept for 
more than eight years some wild geese (Anser Canadentu), but they would 
not mate ; whilst other individuals of the same species produced young 
during the second year. I know of but one instance in the whole family 
of a species which absolutely refuses to breed in captivity, namely, the 
Dendrocygna vitluata, although, according to Sir R. Schombnrgk," it is 
easily tamed, and is frequently kept by the Indians of Guiana. Lastly, 
with respect to Gulls, though many have been kept in the Zoological 
Gardens and in the old Surrey Gardens, no instance was known before the 
year 1848 of their coupling or breeding ; but since that period the herring 
gnU (Laru» argmtatua) has bred many times in the Zoological Gardens and 
at Ifnowsley. 

There is reason to believe that insects are affected by confinement like 
the higher animals. It is well known that the Sphingidro rarely breed 
when thus treated. An entomologist « in Paris kept twenty-five specimens 
of tkUumia pyri, but did not succeed in getting a single fertile egg. A 
number of females of Orthotia munda and of Mamntra suasa reared in 
confinement wore unattractive to the males.® Mr. Newport kept nearly a 
hundred individuals of two species of Vanessa, but not one paired ; this, 
however, might have been due to their habit of coupUng on the ^g ® 
Mr. Atkinson could never succeed in India in making the Tarroo silk-moth 
breed in confinement.® It appears that a number of moths, especially 
the Sphingidffi, when hatched in the autumn out of their proper season. 
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arc completely barren; but this latter case is still involTod in some 
obscurity.” 

Independently of tlie fact of many animals under confine- 
mcnt not coupling, or, if they couple, not producing young, 
there is evidence of another kind that their sexual functions 
are thus disturbed. For many cases have been recorded of the 
loss by male birds when confined of their characteristic plumage. 
Thus the common linnet {Linota cannabma) when caged does 
not acquire the fine crimson colour on its breast, and one of the 
buntings {Umberiza passerina) loses the black on its head. A 
Pyrrhula and an Oriolus have been observed to assume the 
quiet plumage of the hen-bird ; and the Falco albidm returned 
to the dress of an earlier age.‘“ Mr. Thompson, the superin- 
tendent of the Knowsley menagerie, informed me that he had 
often observed analogous facts. The horns of a male deer 
(Cermis Canadensis) during the voyage from America were 
badly developed ; but subsequently in Paris perfect horns were 
produced. 

When conception takes place under confinement, the young 
are often born dead, or die soon, or are ill-formed. This 
frequently occurs in the Zoological Gardens, and, according to 
Rengger, with native animals confined in Paraguay. Tlie 
mother’s milk often fails. We may also attribute to the dis- 
turbance of the sexual functions the frequent occurrence of 
that monstrous instinct which leads the mother to devour her 
own offspring,— a mysterious case of perversion, as it at first 
appears. 

Sufficient evidence has now been advanced to prove that 
animals when first confined are eminently liable to suffer in 
their reproductive systems. We feel at first naturally inclined to 
attribute the result to loss of health, or at least to loss of vigour; 
but this view can hardly be admitted when we reflect how 
healthy, long-lived, and vigorous many animals are under cap- 

” See an intereBting paper by Mr. 606; Bcehatein, ‘ Stubeprogcl,' a 185 
Newman, in tlie ‘ZoologisC 1857, p. ‘Pbiloaoph. Transact,’ 1772, p. 271. 
5764; and Dr. Wallace, in ‘ Proc. Bronn (icachicbtedcrNutnr.’Baadn. 
Entomolog. Soc.,' June 4th, 1860, p. e. 96) has collected s number of eases. 
119. For the cose of the doer, see ‘Peony 

® Yarrell’s ' Britisli Birds,’ vol. i. p. Cyclop.,’ Tol. yiii. p. 350. 
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tivity, such as parrots, and hawks when used for hawking, 
chetahs when used for hunting, and elephants. The reproduc- 
tive organs themselve.s are not diseased ; and the diseases, from 
which animals in menageries usually perish, are not those which 
in any way affect their fertility. No domestic animal is more 
subject to disease than the sheep, yet it is remarkably prolific. 
The failure of animals to breed under confinement has been 
sometimes attributed exclusively to a failure in their sexual 
instincts: this may occasionally come into play, but there is 
no obvious reason why this instinct should be especially liable 
to be affected with perfectly tamed animals, excbpt indeed in- 
directly through the reproductive system itself being disturbed. 
Moreover, numerous cases have been given of various animals 
which couple freely under confinement, but never conceive ; or, 
if they conceive and produce young, these are fewer in number 
than is natural to the species. In the vegetable kingdom 
instinct of course can play no part; and we shall presently see 
that plants when removed from their natural conditions are 
affected in nearly the same manner as animals. Change of 
climate cannot be the cause of the loss of fertility, for, whilst 
many animals imported into Europe from extremely different 
climates breed freely, many others when confined in their 
native land are completely sterile. Change of food cannot be 
the chief cause ; for ostriches, ducks, and many other animals, 
which must have undergone a great change in this respect, 
breed freely. Carnivorous birds when confined are extremely 
steiile ; whilst most carnivorous mammals, except plantigrades, 
are moderately fertile. Nor can the amount of food be the 
cause; for a sufficient supply will certainly be given to valuable 
animals ; and there is no reason to suppose that much more 
food would be given to them, than to our choice domestic 
productions which retain their fuU fertility. La,stly, we may 
infer from the case of the elephant, chetah, various hawks, and 
of many animals which are allowed to lead an almost free life 

clsf^ 

It would appear that any change in the habits of life, what- 
ever these habits may be, if great enough, tends to affect in 
an inexplicable maimer the powers of reproduction. The result 
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depends more on the constitution of the species than on the 
nature of the change; for certain whole groups are affected 
more than others ; but exceptions always occur, for some species 
in the most fertile groups refuse to breed, and some in the most 
sterile groups breed freely. Those animals which usually breed 
freely under confinement, rarely breed, as I was assured, in the 
Zoological Gardens, witliin a year or two after their first import- 
ation. When on animal which is generally sterile under con- 
finement happens to breed, the young apparently do not inherit 
this power ; for had this been the case, various quadrujieds and 
birds, which' are valuable for exhibition, would have become 
common. Dr. Broca even affirms® that many animals in the 
Jardin des Plantes, after having produced young for three or 
four successive generations, become sterile ; but this may be the 
result of too close interbreeding. It is a remarkable circum- 
stance that many mammals and birds have produced hybrids 
under confinement quite as readily as, or even more readily 
than, they have procreated their own kind. Of this fact many 
instances have been given and we are thus reminded of those 
plants which when cultivated refuse to be fertilised by their own 
pollen, but can easily be fertilised by that of a distinct species. 
Finally, we must conclude, limited as the conclusion is, that 
chang^ conditions of life have an especial power of acting 
injuriously on the reproductive system. The whole case is 
quite peculiar, for these organs, though not diseased, are thus 
rendered incapable of performing their proper functions, or per- 
form them imperfectly. 

Sterility of Domesticated Animals from changed With respect 

to domesticated animals, as their domestication mainly depends on the 
accident of their breeding freely under captivity, we ought not to expect 
that their leproductiTe system would be affected by any moderate degM 
of cliange. Those orders of quadrupeds and birds, of which the wM 
species breed most readily in our menageries, have afforded us the greater 
number of domesticated productions. Savages in most parts of the woto 
are fond of taming animals;® and if any of these regularly produced 
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yonsg, and were at the same time useful, they would be at once domesti- 
cated. If, when their masters migrated into other countries, they were in 
addition found capabie of withstanding various climates, they would bo 
still more valuable; and it appears that the animals which breed readily 
in captivity can generally withstand different climates. Some few domes- 
ticated animals, such as the reindeer and camel, offer an exception to this 
rule. Many of our domesticated animals can bear with undiminished 
fertility the most unnatural conditions; for instance, rabbits, guinea-pigs, 
and ferrets breed in miserably confined hutches. Few European dogs 
of any kind withstand without degeneration the climate of India ; but 
as long as they survive, they retain, as I hear from Dr. Falconer, their 
fertility ; so it is, according to Dr. Daniell, with English dogs taken to 
Sierra Leone. The fowl, a native of the hot jungles of India, becomes 
more fertile than its parent-stock in every quarter of tlio world, until we 
advance as far north as Greenland and Northern Siberia, where this bird 
will not breed. Both fowls and pigeons, which I received during the 
autumn direct from Sierra Leone, were at once ready to couple." I have, 
also, seen pigeons breeding as freely as the common kinds within a year 
after their importation from the Upper Nile. The guinea-fowl, an abori- 
ginal of the hot and dry deserts of Africa, whilst living under our damp 
and cool climate, produces a large supply of eggs. 

Nevertheless, our domesticated animals under new conditions occa- 
sionally show signs of lessened fertility. lioulin asserts that in the hot 
valleys of the equatorial Cordillera sheep are not fully fecund;” and 
according to Lord Somerville," the merinoehoep wliich he imported from 
Spain were not at first perfectly fertile. It is said " that mares brought 
up on dry food in the stable, and turned out to grass, do not at first breed. 
The peahen, as wo liave scon, is said not to lay so many eggs in England 
as in India. It was long before the canary-bird was fully fertile, and even 
now first-rate breeding birds are not common." In the hot and dry pro- 
vince of Delhi, the eggs of the turkey, as I hear from Dr. Falconer, 
though placed under a hen. are extremely liable to fail. According to 
Roulin, g^ taken within a recent period to the lofty plateau of Bogota, 
at first laid seldom, and then only a few eggs; of these scarcely a fourth 
were hatched, and lialf the young birds died ; in the second generation 
they wore more fertile ; and when Bouhn wrote they were becoming as 
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SterilUlf of Plants from changed Conditions of Life, and from 
other causes. 

In the vegetable kingdom cases of sterility frequently occur, 
analogous with those previously given in the animal kingdom. 
But the subject is obscured by several circumstances, presently 
to be discussed, namely, the contabescence of the anthers, ns 
Giirtnor has named a certain affection — monstrosities — double- 
ness of the flower — mnch-enlarged fruit — and long-continued or 
excessive propagation by buds. 



It is notorious that many plants in our gardens and hot-houses, though 
preserved in the most perfect health, rarely or never produce seed. I do 
not allude to plants wliich run to leaves, from being kept too damp, or too 
warm, or too much manured ; for these do not produce the reproductive 
individual or flower, and the case may be wholly diflerent. Nor do I 
allude to fruit not ripening from want of heat, or rotting from too much 
moisture. But many exotic plants, with their ovules and pollen appearing 
perfectly sound, will not set any seed. The sterility in many oases, as I 
know from my own observation, is simply dne to tlie absence of the 
proper insects for carrying the pollen to the stigma. But after excluding 
the several cases just specified, there are many plants in which the re- 
productive system has been seriously affected by the altered conditions of 
life to which they have been subjecteA 

It would be tedious to enter on many details. Linnaus long ago 
observed” that Alpine plants, although naturaUy loaded with seed, pro- 
duce either few or none when cultivated in gardens. But exceptions 
often occur: the Draha sylvettris, one of our most thoroughly Alpine 
plarrts, multiplies itself by seed in Mr. H. C. Watson’s garden, near London ; 
and Kemer, who has particularly attended to the cultivation of Alpine 
plants, found that various kinds, when cultivated, spontaneously sowed 
themselves.” Many plants which naturally grow in peat-earth are entirely 
stcrUe in our gardous. I have noticed the same fact with several liliaceous 
plants, which nevertheless grew vigorously. 

Too much manure renders some kinds utterly sterile, as I have mvself 
observed. The tendency to sterility ftom this cause runs in fiimilies • 
thus, according to Gartner,” it is hardly possible to give too much manure 
to most Gramincffi, Crucifer®, and Leguminos®, whilst succulent and 
bulbous-rooted plauts are easily affected. Extreme poverty of soil is less 
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apt to induce sterility ; but dwarfed plants of TrifcHium mima and npttu 
growing on a lawn often mown and nerer manured, did not produce 
any seed. The temperature of the soil, and the season at which plants 
are watered, often have a marked effect on their fertility, as was observed 
by Kolreuter in the case of Mirabilis." Mr. Scott in the Botanic Gardens 
of Edinburgh observed that Oncidium divaricatum would not set seed 
when grown in a basket in which it throve, but was capable of fertili- 
sation in a pot where it was a little damper. Pelargonium fulgidum, for 
many years after its introduction, seeded fhcely; it then heeame sterile- 
now it is fertile if kept in a dry stove during the winter. Other varied 
ties of pelargonium are sterile and others fertile without our being able 
to assign any cause. Very slight changes in the position of a plant, 
whether planted on a bank or at its base, sometimes make all the dif- 
ference in its producing seed. Temperature apparently has a much more 
powerful influence on the fertility of plants than on that of animals. 
Nevertheless it is wonderful what changes some few plants will withstand 
with nndiminished fertility : thus the Zephynmthet Candida, a native of the 
moderately warm banks of the Plata, sows itself in the hot dry country 
near Lima, and in Yorkshire resists the severest fi-osts, and I have seen 
seeds gathered from pods which had been covered -with snow during throe 
weeks." Berberit WalliMi, from the hot Khasia range in India, is un- 
injured by our sharpest frosts, and ripens its fruit under our cool summers. 
Nevertheless I presume we must attribute to change of climate the 
sterility of many -foreign plants; thus the Persian and Chinese lilacs 
(Syringa Pmiea and Chinenris), though perfectly hardy, never here pro- 
duce a seed ; the common lilac (*'. vulgaris) seeds -with us moderately well, 
but in parts of Germany the capsules never contain seed." 

Some of the cases, given in the last chapter, of self-impotent plants, 
which are fertile both on the male and female side when united with 
distinct individuals or species, might have been here introduced; for as 
this peculiar form of sterility generally occurs with exotic plants or with 
endemic plants cultivated in pots, and as it disappeared in the Passifora 
(data when grafted, we may conclude that in these cases it is the result of 
the treatment to which the plants or their parents have been exposed. 

The liability of plants to bo affected in their fertility by slightly changed 
conditions is the more remarkable, os the pollen when once in process of 
formation is not easily injured; a plant may be transplanted, or a branch 
with flower-buds bo out off and placed in water, and the pollen will be 
matured. Pollen, also, when once mature, may be kept for weeks or even 
months." The female organs are more sensitive, for Gartner" found that 
dicotyledonous plants, when carefully removed so that they did not in 
the least flag, could seldom be fertilised; this occurred even with potted 
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plants if the roots had grown out of the hole at the bottom. In some few 
cases, however, as with Digitalis, transplantation did not prevent fertilisa- 
tion ; and according to the testimony of Mawz, Brmgica rvpa, when pulled 
up by its roots and placed in water, ripened its seed. Flower-stems of 
several monoeotyledonous plants when cut oSf and placed in water likewise 
produce seed. But in these cases I presiime that the flowers had been 
already fertilised, for Herbert® found with the Crocus that the plants 



>r liutilated after the act of fertilisation, and w 
still perfect their seeds ; but that, if transplanted before being fertilised, 
the application of pollen was powerless. 

Plants which have been long cultivated can generally endure with 
undiminished fertility various and great changes ; but not in most cases 
BO great a change of climate as domesticated animals. It is remarkable 
that many plants under these circumstances are so much aflected that the 
proportions and the nature of their chemical ingredients are modified, 
yet their fertility is unimpaired. Thus, as Dr. Falconer informs me, 
there is a great difference in the character of the fibre in hemp, in tlie 
quantity of oil in the seed of the Linum, in the proportion of narcotin to 
morphine in the poppy, in gluten to starch in wheat, when these plants 
are cultivated on the plains and on the mountains of India ; nevertheless, 
they all remain fully fertile. 

t'ontaiMWBce.— Girtncr has designated by this term a peculiar condition 
of the anthers in certain plants, in which they are shrivelled, or become 
brown and tough, and contain no good pollen. When in this state they 
ciactly resemble the anthers of the most sterile hybrids. Gartner,® in liis 
discussion on this subject, has shown that plants of many orders are occa- 
sionally thus affected; but the Caryophyllacese and Liliacem suffer most, 
and to those orders, I think, the Ericacem may be added. Contabescence 
varies in degree, but on the same plant all the flowers are generally 
affected to nearly the same ertont. The anthers are affected at a very 
early iieriod in the flower-bud, and remain in the same state (with one 
recorded exception) during the life of the plant. The affection cannot be 
cured by any change of treatment, and is propagated by layers, cuttings, 
&c., and perhaps even by seed. In contabescent plants the fen..!,, organs 
are seldom affected, or merely become precocious in their development. 
The cause of this affection is doubtful, and is different in different cases 
Unto I read Gartner’s discussion I attributed it, as apparently did Herbert, 
to the unnatural treatment of the plants; but its permanence under 
changed conditions, and the female organs not being affected, seem ineom- 
endemic plants becoming 
contob^cent m our g^ens seems, at first sight, equally incompatible 
with this view; butKolreuter behaves that this is the result of their trans- 
plantatiom The contabescent plants of Dianthus and Verbascum, found 
wild by Wiigmann, grew on a dry and sterile bank. The fact that exotic 
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plants are eminently liable to this affection also seems to show that it is 
in some manner caused by their imnatural treatment. In some instances 
as with Silene, Gartner’s riew seems tlie most proliablo, namely, that it is 
caused by an inheront tendency in the species to become dioecious. I can 
add another cause, namely, the illegitimate unions of reciprocally dimorphic 
or trimorphic plants, for I hare observed seedlings of three species of 
Primula and of l,ythram salimria, which had been raised from plants 
illegitimately fertilised by their own-form pollen, with some or all their 
anthers in a contabescent state. There is perhaps an arlditional cause 
namely, self-fertilisation; for many plants of Dianthus and Lobelia, which 
bad been raised from self-fertilised seeds, had their anthers in this state ■ 
but those instances are not conclusive, as both genera are liable from other 
causes to this affection. 

Cases of an opposite nature likewise occur, namely, plants with the 
female organs struck with sterility, whilst the male organs remain perfect 
Dianthus JaponicuB, a Passiflora, and Nicotiana, have been described by 
Gartner** as being in this unusual condition. 

Monsirositiea as a cause of Sterility. — Great deviations of structure, even 
when the reproductive organs themselves are not seriously affected, some- 
times cause plants to become sterile. But in other cases plants may 
become monstrous to an extreme degree and yet retain their full fertility. 
Gallesio, who certainly hod great experience,** often attributes sterility to 
this cause; but it may be suspected tliat in some of his cases sterility was 
the cause, and not the result, of the monstrous growths. The curious 
St, Valery apple, although it bears fruit, rarely produces seed. The 
wonderfully anomalous flowers of Begonia frigid-i, formerly describeil, 
though they appear fit for fructification, are sterile.*' Species of Pri- 
mulio, in which the calyx is brightly coloured, are said** to bo often 
sterile, though I have known them to bo fertile. On the other hand, 

Verlot gives several cases of proliferous flowers which can bo propa- 
gated by seed. This was the case with a poppy, which had become 
monopotalous by the union of its petals.** Another extraordinary poppy, 
with the stamens replaced by numerous small supplementary capsules, 
likewise reproduces itself by seed. This has also occurred with a plant of 
Saxifraga geum, in which a series of adventitious carpels, bearing ovules 
on their margins, had been developed between the stamens and the normal 
carpels.** Lastly, with respect to peloric flowers, which depart wonder- 
fully from the natural structure,— those of Limria vulgaris seem generally 
to be more or loss sterile, whilst those before described of Antirrhinum 
majus, when artificially fertilised with their own pollen, are perfectly | 



» ‘ Bastarderzeugung,’ a. S56. 
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*• Verlot, idem, p. 88. 
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fertile, though sterile when left to themselves, for bees are unable to crawl 
into the narrow tubular flower. The pelorio flowers of CarydalU soUdu, 
according to Godron," are barren ; whilst those of Gloxinia are well known 
to yield plenty of seed. In our greenhouse Pelargoniums, the central 
flower of the truss is often peloric, and Mr. Masters informs me that 
he tried in vain during several years to get seed from these flowers. 
I likewise made many vain attempts, but sometimes succeeded in fertilising 
them with pollen from a normal flower of another variety ; and conversely 
I several times fertilised ordinary flowers with peloric pollen. Only onco 
I succeeded in raising a plant from a peloric flower fertilised by pollen 
from a peloric flower borne by another variety ; but the plant, it may bo 
added, presented nothing particular in its structure. Hence wo may con- 
clude tliat no general rule can be laid down; but any great deviation from 
tlie normal structure, even when the reproductive organs themselves are 
not seriously affected, certainly often leads to sexual impotence. 

Doahle iVoicer*.— When the stamens are converted into petals, the plant 
becomes on the male side sterile; when both stamens and pistils are 
thus clianged, the plant becomes completely barren. Symmetrical flowers 
having numerous stamens and petals are the most liable to become double, 
as perhaps follows from all multiple organs being tlie most subject to 
variability. But flowers furnished with only a few stamens, and others 
which are asymmetrical in structure, sometimes become double, as wo 
seo with the double gorse or Clex, Petunia, and Antirrhinum. The 
Composite bear what are called double flowers by the abnormal develop- 
ment of the corolla of their central florets. Donbleness is sometimes 
connected with prolifioation,“ or the continued growth of the axis of tho 
flower. Doubleness is strongly inherited. No one has produced, as 
Bindley remarks,” doable flowers by promoting the perfect health of the 
plant. On the contrary, uimatural conditions of life favour their produc- 
tion. There is some reason to believe that seeds kept during many years, 
and seeds believed to be imperfectly fertilised, yield double flowers more 
freely than fresh and perfectly fertilised seed.” Long-continued cultiva- 
tion in rich soil seems to be the commonest exciting cause. A double 
narcissus and a double Anthemia nobilis, transplanted into very poor soil, 
have been observed to become single;” and I have seen a completely 
double white primrose rendered permanently single by being divided and 
transplanted wliilst in full flower. It has been observed by Professor 
Morren that donbleness of the flowers and variegation of the leaves are 
antagonistic states; but so many exceptions to tlie rule have lately been 
recorded," that, though general, it cannot bo looked at as invariable. 



•' ‘Comptes llendus,’ Doc. l»th, 
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tap-roots aro out or mutUatcd.'" So it is with hybrids ; for instanoe. Prof. 
Lecoq‘“ had three plants of Mirabilis, which, though they grew luxu- 
riantly and flowered, were quite sterUe; but after beating one with a stick 
untU a few branches alone were left, these at once yielded good seed. The 
sugar-cane, which grows vigorously and produces a large supply of suc- 
culent stems, never, according to various observers, bears seed in the 
West Indies, Malaga, India, Cochin China, or the Malay Archipelago.™ 
Plants which produce a large number of tubers are apt to be sterile, as 
occurs, to a certain extent, with the common potato; and Mr. Fortune 
informs mo that the sweet potato (t’oretmirafu* batatas) in China never, as 
far as he has seen, yields seed. Dr. Eoyle remarks™ that in India the 
A(/ave vivipam, when grown in rich soil, invariably produces bulbs, but 
no seeds; whilst a poor soil and dry climate leads to an opposite result. 
In China, according to Mr. Fortune, an extraordinary numlrer of little 
bulbs are developed in the axils of the leaves of the yam, and this plant 
does not bear se^. Whether in these cases, as in those of double flowers 
and secilless fruit, sexual sterility from changed conditions of life is the 
primary cause which leads to the excessive development of the organs 
of vegetation, is doubtful ; though some evidence might be advanced in 
favour of this view. It is perhaps a more probable view that plants 
wliich propagate themselves largely by one method, namely by buds, have 
not sufficient vital power or organised matter for the other method of 
sexual generation. 

Several distinguished botanists and good practical judges believe that 
long-continued propagation by cuttings, runners, tubers, bulbs, &c., inde- 
pendently of any excessive development of these parts, is the cause of 
many plants failing to produce flowers and of others ihiling to produce 
fertile flowers,— it is as if they had lost the habit of sexual genciation.™ 
That many plants when thus propagated are sterile there can l>e no doubt, 
but whether the long continuance of this form of propagation is the actual 
cause of their sterility, I will not venture, from the want of sufficient 
evidence, to express an opinion. 

That plants may he propagated for long periods by buds, without the 
aid of sexual generation, we may safely infer from this being the case 
with many plants which must have long survived in a state of nature. 
As I have had occasion before to allude to this subject, I will here give 
such cases as I have collected. Many alpine plants ascend mountains 
beyond the height at which they can produce seed.*"* Certain species of 
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gons with the foregoing could be given ; for instance, some kinds of mosses 
and lichens have never been seen to fructify in Franco. 

Some of these endemic and naturalised plants are probably rendered 
sterile from excessive multipucation by .bn ls, and their consequent inca- 
pacity to produce and nourish seed. But the sterility of others more 
probably depends on the peculiar conditions under wliieh they live, as in 
the case of the ivy in the northern parts of Euroix), and of the trees in 
the swamps of the United States ; yet these plants must be in some 
respects eminently well adapted for the stations which they occupy, for 
they hold their places against a host of competitors. 

Finally, when we reflect on the sterility which accompanies 
the doubling of flowers, — the excessive development of fruit, 
— and a great increase in the organs of vegetation, we must 
bear in mind that the whole effect has seldom been caused at 
once. An incipient tendency is observed, and continued selec- 
tion completes the work, as is known to be the case with our 
double flowers and best fruits. The view which seems the most 
probable, and which connects together all the foregoing facts 
and brings them within our present subject, is, that changed 
and unnatural conditions of life first give a tendency to sterility ; 
and in consequence of this, the organs of reproduction being no 
longer able fully to perform their proper functions, a supply of 
organised matter, not required for the development of the seed, 
flows either into these same organs and renders them foliaceous, 
or into the fruit, stems, tubers, &c., increasing their size and 
succulency. But I am far from wishing to deny that there 
exists, independently of any incipient sterility, an antagonism 
between the two forms of reproduction, namely, by seed and 
by buds, when either is carried to an extreme degree. That 
incipient sterility plays an important part in the doubling of 
flowers, and in the other cases just specified, I infer chiefly from 
the following facts. AVheu fertility is lost from a wholly dif- 
ferent cause, namely, from hybridism, there is a strong ten- 
dency, as Gartner"* alTirms, for flowers to become double, and 
this tendency is inherited. Moreover it is notorious that with 
hybrids the male organs become sterile before the female 
organs, and with double flowers the stamens first become foli- 

«< • Basterdcrzeugung.' s. 5C5. K61- one single ond the other double, wo 
reuler Dritto Fortselzmig,' s. 73. »7, crossed, the hybrids are apt to bo 
113) also allows that when two species, extremely double. 
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aceons. This latter fact is well shown by the male flowers of 
dioecious plants, which, according to Gallesio,"' first become 
double. Again, Gartner"' often insists that the flowers of even 
utterly sterile hybrids, which do not produce any seed, generally 
yield perfect capsules or fruit,— a fact which has likewise been 
repeatedly observed by Naudin with the Cucurbitacem ; so that 
the production of fruit by plants rendered sterile through any 
other and distinct cause is intelligible. Kolreuter has also ex- 
pressed his unbounded astonishment at the size and development 
of the tubers in certain hybrids; and all experimentalists"’ have 
remarked on the strong tendency in hybrids to increase by roots, 
runners, and suckers. Seeing that hybrid plants, which from 
their nature are more or less sterile, thus tend to produce double 
flowers ; that they have the parts including the seed, that is 
the fnnt, perfectly developed, even when containing no seed; 
that they sometimes yield gigantic roots; that they almost 
invariably tend to increase largely by suckers and other such 
means ; — seeing this, and knowing, from the many facts given in 
the earlier parts of this chapter, that almost all organic beings 
when exposed to unnatural conditions tend to become more or 
less sterile, it seems much the most probable view tliat with 
cultivated plants sterility is the exciting cause, and double 
flowers, rich seedless fruit, and in some cases largely-developed 
organs of vegetation, &c., are tlie indirect results — these results 
having been in most cases largely increased through continued 
selection by man. 

■“ ‘ Tooria della Eiproduzione Vcg.,' 1816, p. 73. 

'« • Bastarderzeuguiig,’ s. 573. m » S27. 
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SUMMARY OF THE FOUR LAST CHAPTERS, WITH REMARKS 
ON HYBRIDISM. 

ox THE Emcrs OF CROeSraO — the IXELrEXCS op DOMESTICATION ON PEimuTT 







It was shown in the fifteenth chapter that when individuals 
of the same variety, or even of a distinct variety, are allowed 
freely to intercross, uniformity of character is ultimately ac- 
quired. Some few characters, however, are incapable of fusion, 
but these are unimportant, as they are almost always of a 
semi-monstrous nature, and have suddenly appeared. Hence, 
to preserve our domesticated breeds true, or to improve them 
by methodical selection, it is obviously necessary that they 
should be kept separate. Nevertheless, through unconscious 
selection, a whole body of individuals may be slowly modified, 
as we shall see in a future chapter, without separating them 
into distinct lots. Domestic races have often been intentionally 
modified by one or two crosses, made with some allied race, 
and occasionally even by repeated crosses with very distinct 
races ; but in almost all such cases, long-continued and careful 
sel^tion has been absolutely nei-essary, owing to the excessive 
variability of the crossed offspring, due to the principle of rever- 
sion. In a few instances, however, mongrels have retained a 
uniform character from their first production. 

When two varieties are allowed to cross freely, and one is 
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much more numerous than the other, the former will ulti 
mstely absorb the latter. Should both varieties exist in nearly 
equal numbers, it is probable that a considerable period would 
elapse before the acquirement of a uniform character ; and the 
character ultimately acquired would largely depend on pre. 
potency of transmission, and on the conditions of life ; for the 
nature of the.se conditions would generally favour one variety 
more than another, so that a kind of natural selection would 
come into play. Unless the crossed offspring were slaughtered 
by man without the least discrimination, some degree of un- 
methodical selection would likewise come into action. From 
these several considerations we may infer, that when two or 
more closely allied species first came info the ixrssession of 
the same tribe, their crossing will not have influenced, in so 
great a degree as has often been supposed, the character of the 
offspring in future times ; although in some cases it probably 
has had a considerable effect. 

Domestication, as a general rule, increases the prolificness 
of animals and plants. It eliminates the tendency to sterility 
which is common to species when first taken from a state of 
nature and crossed. On this latter head we have no direct 
evidence ; but as our races of dogs, cattle, pigs, &c., are almost 
certainly descended from aboriginally distinct stocks, and as 
these races ore now fully fertile together, or at least incom- 
parably more fertile than most species when crossed, we may 
with much confidence accept this conclusion. 

Abimdant evidence has been given that crossing adds to the 
size, vigour, and fertility of the ofifspring. This holds good when 
there has been no previous close interbreeding. It applies to 
the individuals of the same variety but belonging to different 
families, to distinct varieties, sub-species, and partially even to 
species. In the latter case, though size is often gained, fertility 
is lost; but the increased size, vigour, and hardiness of many 
hybrids cannot be accoimted for solely on the principle of com- 
pensation from the inaction of the reproductive system. Certain 
plants, both of pure and hybrid origin, though jierfectly healthy, 
have become self-impotent, apparently from the unnatural con- 
ditions to which they have been exposed ; and such plants, as 
well as others in their normal state, can be stimulate to fer- 
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tility only by crossing them with other indiyiduals of the same 
species or even of a distinct species. 

On the other hand, long-continued close interbreeding 
between the nearest relations diminishes the constitutional 
vigour, size, and fertility of the ofiFspring ; and occasionally leads 
to malformations, but not necessarily to general deterioration 
of form or structure. This failure of fertility shows that the 
evil results of interbreeding are independent of the augitient- 
ation of morhid tendencies common to both parents, though 
this augmentation no doubt is often highly injurious. Our 
belief that evil follows from close interbreeding rests to a large 
extent on the experience of practical breedei-s, especially of 
those who have reared many animals of the kinds which can be 
propagated quickly ; but it likewise rests on several carefully 
recorded experiments. With some animals close interbreeding 
may be carried on for a long period with impunity by the 
selection of the most vigorous and healthy individuals'; but 
sooner or later evil follows. The evil, however, comes on so 
slowly and gradually that it easily escapes observation, but can 
be recognised by the almost instantaneous manner in which 
size, constitutional vigour, and fertility are regained when 
animals that have long been interbred are crossed with a dis- 
tinct family. 

These two great classes of facts, namely, the good derived 
from cro.ssing, and the evil from close interbreeding, with the 
consideration of the innumerable adaptations throughout nature 
for compelling, or favouring, or at least permitting, the occa- 
sional union of distinct individuals, taken together, lead to the 
conclusiori that it is a law of nature that organic beings shall 
not fertilise themselves for perpetuity. This law was first 
plainly hinted at in 1799, with resi»ct to plants, by Andrew 
Knight,' and, not long afterwards, that sagacious observer Kiil- 
reuter, after showing how well the Malvacem are adapted for 



' ‘ Traniactions Phil. Soc.,’ 1799, n 
202. For Kiilrenter, m ‘Mem. do 
TAmd. do St. Pdtorebouig,’ tom. iii., 1809 
(pnbli.hod 1811), p. 197. In rending 
C. K. Sprengel’s remarknble work, ‘ Das 
cntdeckte Gehoimaias,’ 4c., 1793, it is 
curious to observe how often this wonder- 



fully acute observer failed to undcratand 
tho full meaning of tho structure of the 
flowers which ho has so well described, 
from not always having Iwfore his mind 
tho key to the problem, namely, the 
good derived from Uio crossing of dis- 
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crossing, asks, “an id aliquid in recessu haboat, qnod hnjus- 
ceraodi flores nunqnaiu proprio suo pulvere, sed semper eo 
aliarnm sum speciei impregnentur, merito qnmritur? Certo 
natura nil facit frustra.” Although we may demur to E6l- 
reuter’s saying that nature does nothing in vain, seeing how 
many .organic beings retain rudimentary and useless organs, 
yet undoubtedly the argument from the innumerable contriv- 
ances, which favour the crossing of distinct individuals of the 
same species, is of the greatest weight. The most important 
result of tills law is that it leads to uniformity of character in 
the individuals of the same species. In the case of certain 
hermaphrodites, which probably intercross only at long intervals 
of time, and with unisexual animals inhabiting somewhat sepa- 
rated localities, which can only occasionally come into contact 
and pair, the greater vigour and fertility of the crossed offspring 
will ultimately prevail in giving uniformity of character to the 
individuals of the same species. But when we go heyond the 
limits of the same species, free intercrossing is barred by the 
law of sterility. 

In searching for facts which might throw light on the cause of 
the good effects from crossing, and of the evil effects from close 
interbreeding, we have seen that, on the one hand, it is a widely 
prevalent and ancient belief that animals and plants profit from 
slight changes in their condition of life ; and it would appear 
that the germ, in a somewhat analogous manner, is more effectu- 
ally stimulated by the male element, when taken from a dis- 
tinct individual, and therefore slightly modified in nature, than 
when taken from a male having the same identical constitution. 
On the other hand, numerous facts have been given, showing 
that when animals are first subjected to captivity, even in their 
native land, and although allowed much liberty, their repro- 
ductive functions are often greatly impaired or quite annulled. 
Some groups of animals are more affected than others, but with 
apparently capricious exceptions in every group. Some animals 
never or rarely couple : some couple freely, but never or rarely 
conceive. The secondary male characters, the maternal func- 
tions and instincts, are occasionally affected. With plants, 
when first subjected to cultivation, analogous facts have been 
observed. We probably owe our double flowers, rich seedless 



Danvin Online: By permission of the Trustees of the Natural History Museum (London) 



Chap. XIX. FOUE LiST CHAPTERS. 177 

fruits, and in some cases greatly developed tubers, &c., to 
incipient sterility of the above nature combined mth a copious 
supply of nutriment Animals which have long been domes- 
ticated, and plants which have long been cultivated, can gene- 
rally withstand, with unimpaired fertility, great changes in their 
conditions of life ; though both are sometimes slightly affected. 
With animals the somewhat rare capacity of breeding freely 
under confinement has mainly determined, together with their 
utility, the kinds which have been domesticated. 

We can in no case precisely say what is the cause of the 
diminished fertility of an animal when first captured, or of a 
plant when first cultivated ; we can only infer that it is caused 
by a change of some kind in the natural conditions of life. The 
remarkable susceptibility of the reproductive system to such 
changes,— a susceptibility not common to any other organ,— 
apparently has an important bearing on Variability, as we shall 
see in a future chapter. 

It is impossible not to be struck with the double parallelism 
between the two classes of facts just alluded to. On the one 
hand, slig;ht changes in the conditions of life, and crosses 
between slightly modified forms or varieties, are beneficial as far 
as prolificness and constitutional vigour are concerned. On the 
odier hand, changes in the conditions greater in degree, or of a 
different nature, and crosses between forms which have been 
slowly and greatly modified by natural means,— in other words, 
between species,— are highly injurious, as far as the reproductive 
system is concerned, and in some few instances as far as consti- 
tutional vigour is concerned. Can this parallelism be accidental ? 
itoes It not rather indicate some real bond of connection ? As 
a hre goes out unless it be stirred up, so the vital forces are 
always tending, according to Mr. Herbert Spencer, to a state of 
equihbnum, unless disturbed and renovated through the acUon 
of other forces. 

In some few cases varieties tend to keep distinct, by breeding 
at different ^nods, by great differences in size, mr by sexual 
pre erence, in this latter respect more especially resembling 
specif in a state of nature. But the actual crossing of 
larietics, far from diminishing, generally adds to the fertility of 

vowi mongrel offspring. AVhether all 
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the most widely distinct domestic Tarieties are invariably quite 
fertile when crossed, we do not positively know ; much time and 
trouble would be requisite for the necessary experiments, and 
many difficulties occur, such as the descent of the various 
races from aboriginally distinct species, and the doubts whether 
certain forms ought to be ranked as species or varieties. Never- 
theless, the wide experience of practical breeders proves that 
the great majority of varieties, even if some should hereafter 
prove not to be indefinitely fertile inter se, are far more fertile 
when crossed, than the vast majority of closely allied natural 
species. A few remarkable cases have, however, been given on 
the authority of excellent observers, showing that with plants 
certain forms, which undoubtedly must be ranked as varieties, 
yield fewer seeds when crossed than is natural to the parent- 
species. Other varieties have had their reproductive poweis so 
far modified that they are either more or less fertile than are 
their parents, when crossed with a distinct species. 

Nevertheless, the fiact remains indisputable that domesticated 
varieties of animals and of plants, which differ greatly from each 
other in structure, but which are certainly descend^ from the 
same aboriginal species, such as the races of the fowl, pigeon, 
many vegetables, and a host of other productions, are extremely 
fertile when crossed ; and this seems to make a broad and im- 
passable barrier between domestic varieties and natural species. 
But, as I will now attemj)t to show, the distinction is not so 
great and overwhelmingly important as it at first appeara. 

On the Difference in Fertility between Varieties and Species when 
crossed. 

This work is not the proper place for fully treating the 
subject of hybridism, and I have ^ready given in my ‘ Origin 
of Species’ a moderately frill abstract. I will here merely 
enumerate the general conclusions which may be relied on, and 
which bear on our present point. 

Firstly, the laws governing the production of hybrids are 
identical, or nearly identical, in the animal and vegetable 
kingdoms. 

Secondly, the sterility of distinct species when first united. 
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and that of their hybrid offspring, graduates, by an almost 
infinite number of steps, from zero, when the ovule is never 
impregnated and a seed-capsule is never formed, up to complete 
fertility. We can only escape the conclusion that some species 
are fully fertile when crossed, by determining to designate as 
varieties all the forms which are quite fertile. This high degree 
of fertility is, however, rare. Nevertheless plants, which have 
been exposed to unnatural conditions, sometimes become medi- 
fied in so peculiar a manner, that they are much more fertile 
when crossed by a distinct species than when fertilised by their 
own pollen. Success in effecting a first union between two 
species, and the fertility of their hybrids, depends in an eminent 
degree on the conditions of life being favourable. The innate 
sterility of hj’brids of the same parentage and raised from the 
same seed-capsule eften differs much in degree. 

Thirdly, the degree of sterility of a first cross between two 
species does not always run strictly parallel with that of then- 
hybrid offspring. Many cases are known of species which can 
be crossed with ease, but yield hybrids excessively sterile ; and 
conversely some which can be crossed with great difficulty, but 
produce fairly fertile hybrids. This is an inexplicable fact, on 
the view that speeies have been specially endowed with mutual 
sterility in order to keep them distinct. 

Fourthly, the degree of sterility often differs greatly in two 
species when reciprocally crossed ; for the first will readily fer- 
tilMe the second ; but the latter is incapable, after hundreds of 
trials, of fertilising the former. Hybrids produced from reci- 
procal crosses between the same two species, likewise sometimes 
differ 111 their degree of sterility. These cases also are utterly 
inex^^ble on the view of sterility being a special endowment. 

Fifthly, the degree of sterility of first crosses and of hybrids 
runs, to a certain extent, parallel with the general or system- 
atic affinity of the forms which are united. For species be- 
longing to distinct genera can rarely, and those belonging to 
distinct families can never, be crossed. The parallelism, how- 
ever, IS far from complete; for a multitude of closely allicil 
species will not unite, or unite with extreme difficulty, whilst 
other species, widely different from each other, can be crossed 
with perfect facility. Nor does the difficulty depend on ordinary 
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constitutional differences, for annual and perennial plants,, 
deciduous and evergreen trees, plants flowering at different 
seasons, inhabiting different stations, and naturally living under 
the most opposite climates, can often be crossed with ease. 
The diflSculty or facility apparently depends exclusively on the 
sexual constitution of the 8]3ecies which are crossed ; or on their 
sexual elective afSnity, i. e. WaMverwandischaft of Gartner. As 
species rarely or never become modified in one character, 
without being at the same time modified in many, and as sys- 
tematic afBnity includes all visible resemblances and dissimi- 
larities, any difference in sexual constitution between two species 
would naturally stand in more or less close relation with their 
systematic position. 

Sixthly, the sterility of species when first crossed, and that 
of hybrids, may possibly depend to a certain extent on distinct 
causes. With pure species the reproductive organs are in a 
perfect condition, whilst with hybrids they are often plainly 
deteriorated. A hybrid embryo which partakes of the constitu- 
tion of its father and mother is exjxjscd to unnatural conditions, 
as long as it is nourished within the womb, or egg, or seed of 
the mother-form; and as we 'know that unnatural conditions 
often induce sterility, the reproductive organs of the hybrid might 
at this early age be permanently affected. But this cause has 
no bearing on the infertility of first unions. The diminished 
number of the oflspring from first unions may often result, as is 
certainly sometimes the case, from the premature death of most 
of the hybrid embryos. But we shall immediately see that a 
law of an unknown nature apparently exists, which causes the 
offspring from unions, which are infertile, to be themselves more 
or less infertile ; and this at present is all that can be said. 

Seventhly, hybrids and mongrels present, with the one great 
exception of fertility, the most striking accordance in all other 
respects ; namely, in the laws of their resemblance to their two 
parents, in their tendency to reversion, in their variability, and 
in being absorbed through repeated crosses by either parent- 
form. 

Since arriving at the foregoing conclusions, condensed from 
my former work, I have been led to investigate a subject which 
throws considerable light on hybridism, namely, the fertility of 
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reciprocally dimorphic and trimorphic plants, when illegiti- 
mately united. I have had occasion several times to allude to 
these plants, and I may here give a brief abstract “ of my 
observations. Several plants belonging to distinct orders pre- 
sent two forms, which exist in about equal numbers, and which 
differ in no respect except in their reproductive organs; one 
form having a long pistil with short stamens, the other a short 
pistil with long stamens; both with differently sized pollen- 
grains. With trimorphic plants there are three forms likew ise 
differing in the lengths of their pistils and stamens, in the size 
and colour of the pollen-grains, and in some other respects ; and 
as in each of the three forms there are two sets of stamens, 
there are altogether six sets of stamens and three kinds of 
pistils. These organs are so proportioned in length to each other 
that, in any two of the forms, half the stamens in each stand 
on a level with the stigma of the third form. Now I have shown, 
and the result has been confirmed by other observers, that, in 
order to obtain full fertility with these plants, it is necessary 
that the stigma of the one form should be fertilised by pollen 
taken from the stamens of corresponding height in the other 
form. So that with dimorphic species two unions, which may 
be called legitimate, are fully fertile, and two, which may bo 
called illegitimate, are more or less infertile. With trimorphic 
species six unions are legitimate or fully fertile, and twelve are 
illegitimate, or more or less infertile. 

The infertility which may be observed in various dimorphic 
and trimorphic plants, when they are illegitimately fertilised, 
that is, by pollen taken from stamens not corresponding in height 
with the pistil, difi'ers much in degree, up to absolute and utter 
sterility ; just in the same manner as occurs in crossing distinct 
species. As the degree of sterility in the latter case depends 
in an eminent degree on the conditions of life being more or 
less favourable, so I have found it with illegitimate unions. It 
is well known that if pollen of a distinct species bo placed on 
the stigma of a flower, and its own pollen be afterwards, even 



’ This abatracl was publiahod in the 
fourth edition (1860) of my ‘ Origin of 
Species ; ' but as this edition will be in 
the hands of but few persona, and as 



my original obsc'rvatlous on this point 
have not os yet been pnbliabed in 
detail, 1 have ventured hero to reprint 
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after a considerable interval of time, placed on the same stigma, 
its action is so strongly preiwtent that it generally annihilates 
the effect of the foreign pollen ; so it is with the pollen of the 
several forms of the same species, for legitimate pollen is strongly 
prepotent over illegitimate pollen, when both are placed on the 
same stigma. I ascertained this by fertilising several flowers, 
first illegitimately, and twenty-four hours afterwards legitimately, 
with pollen taken from a x>eculiarly coloured variety, and all 
the seedlings were similarly coloured; this shows that the 
legitimate pollen, though applied twenty-four hours subsequently, 
had wholly destroyed or prevented the action of the previously 
applied illegitimate pollen. Again, as, in making reciprocal 
crosses between the same two species, there is occasionally a 
great difference in the result, so the same thing occurs with 
trimorphic plants ; for instance, the mid-styled form of Lythrum 
saiicaria could be illegitimately fertilised with the greatest ease 
by pollen from the longer stamens of the short-styled form, and 
yielded many seeds ; but the latter form did not yield a single 
seed when fertilised by the longer stamens of the mid-styled 
form. 

In all these respects the forms of the same imdoubted species, 
when illegitimately united, behave in exactly the some manner 
as do two distinct species when crossed. This led me carefully 
to observe during four years many seedlings, raised from severfd 
illegitimate unions. lie chief result is that these illegitimate 
plants, as they may be called, are not ftdly fertile. It is pos- 
sible to raise from dimorphic species, both long-styled and short- 
styled illegitimate plants, and from trimorphic plants all three 
illegitimate forms. These can then be properly united in a legi- 
timate manner. When this is done, there is no apparent reason 
why they should not yield as many seeds as did their parents 
when legitimately fertilised. But such is not the case; they are 
all infertile, but in various degrees ; some being so utterly and 
incurably sterile that they did not yield during four seasons a 
single seed or even seed-capsule. These illegitimate plants, 
which are so sterile, although united with each other in a legi- 
timate maimer, may be strictly compared with hybrids when 
crossed inter se, and it is well known how sterile these latter 
generally are. IlTien, on the other hand, a hybrid is crossed 
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with either pure parent species, the sterility is usually much 
lessened : and so it is when an illegitimate plant is fertilised by 
a legitimate plant. In the same manner as the sterility of 
hybrids does not always run parallel with the difficulty of making 
the first cross between the two parent species, so the sterility of 
certain illegitimate plants was unusually great, whilst the steri- 
lity of the imion from which they were derived was by no means 
great. With hybrids raised from the same seed-capsule the 
degree of sterility is innately variable, so it is in a marked 
manner with illegitimate plants. Lastly, many hybrids are 
profuse and persistent flowerers, whilst other and more sterile 
hybrids produce few flowers, and are weak, miserable dwarfs ; 
exactly similar cases occur with the illegitimate offspring of 
various dimorphic and trimorphic plants. 

Altogether there is the closest identity in character and behar 
viour between illegitimate plants and hybrids. It is hardly an 
exaggeration to maintain that the former are hybrids, but pro- 
duced within the limits of the same species by the improper 
nnion of certain forms, whilst ordinary hybrids are produced 
from an improper union between so-called distinct species. We 
have already seen that there is the closest similarity in all re- 
spects between first illegitimate unions, and first crosses between 
distinct species. This will perhaps be made more fully apparent 
by an illustration : we may suppose that a botanist found two 
well-marked varieties (and such occur) of the long-styled form 
of the trimorphic Lythrum salicaria, and that he determined to 
try by crossing whether they were specifically distinct. He 
would find that they yielded only about one-fifth of the proper 
number of seed, and that they behaved in all the other above- 
specified respects as if they had been two distinct species. But 
to make the case sure, he would raise plants from his supposed 
hybridised seed, and he would find that the seedlings were 
miserably dwarfed and utterly sterile, and that they behaved 
in aU other respects like ordinary hybrids. He might then 
maintain that he had actually proved, in accordance with the 
common view, that his two varieties were as good and as 
distinct species as any in the world ; but he would be com- 
pletely mistaken. 

The facts now given on dimorphic and trimorphic plants are 
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important, because they show us, firstly, that the physiological 
test of lessened fertility, both in first crosses and in hybrids, is 
no safe criterion of specific distinction ; secondly, because we 
may conclude that there must be some unknown law or bond 
connecting the infertility of illegitimate unions with that of 
their illegitimate offspring, and we are thus led to extend this 
yiew to first crosses and hybrids ; thirdly, because we find, and 
this seems to mo of especial importance, that with trimorphic 
plants three forma of the same species exist, which when eroded 
in a particular manner aro infertile, and yet these forms differ 
in no respect from each other, except in their reproductive 
organs,— as in the relative length of the stamens and pistib, 
in the size, form, and colour of the pollen-grains, in the struck 
ture of the stigma, and in the number and size of the seeds. 

With these differences and no others, either in organisation or 
constitution, we find that the illegitimate unions and the iUe- 
gitimate progeny of these three forms are more or less sterile, I 
and closely resemble in a whole series of relations the first 
unions and hybrid offspring of distinct species. From tins we 
may infer that the sterility of species when crossed and of their 
hybrid progeny is likewise in all probability exclusively due 
to differences confined to the reproductive system. We have 
indeed been brought to a similar conclusion by observing that 
the sterility of crossed species does not strictly coincide with 
their systematic affinity, that b, with the sum of their external 
resemblances; nor does it coincide with their similarity in 
general constitution. But we are more especially led to thb 
same conclusion by considering reciprocal crosses, in which the 
male of one species cannot be united, or can be united with 
extreme difficulty, with the female of a second species, whilst 
the converse cross can be effected with perfect facUity; for 
this difference in the facihty of making reciprocal crosses, and 
in the fertility of their offspring, must be attributed either to 
the male or female element in the first species having been 
differentiated with reference to the sexual clement of the second 
species in a higher degree than in the converse case. In so 
complex a subject ns Hybridism it b of considerable importance 
thus to arrive at a definitive conclusion, namely, that the 
sterility which almost invarbbly follows the union of dbtinct 



Danwin Online: By permission i 



! Trustees of the Natural History Museum (London) 



Chap. XIX. 



HYBRIDISM. 



185 



species depends exclusively on differences in their sexual con- 
stitution. 

On the principle which makes it necessary for man, whilst he 
is selecting and improving his domestic varieties, to keep them 
separate, it would clearly be advantageous to varieties in a state 
of nature, that is to incipient species, if they could be kept 
from blending, either through sexual aversion, or by becoming 
mutually sterile. Hence it at one time appeared to mo probable, 
as it has to others, that this sterility might have been acquired 
through natural selection. On this view wo must suppose that 
a shade of lessoned fertility first spontaneously appeared, like 
any other modification, in certain individuals of a species 
when crossed with other individuals of the same species ; and 
that successive slight degrees of infertility, from being advan- 
tageous, were slowly accumulated. Tliis appears all the more 
probable, if we admit that the structural differences between 
the forms of dimorphic and trimorphic plants, as the length 
and curvature of the pistil, &c., have been co-adapted through 
natural selection ; for if tliis be admitted, we can hardly avoid 
extending the same conclusion to their mutual infertility. 
Sterility moreover has been acquired through natural selection 
for other and widely different purposes, as with neuter insects 
in reference to their social economy. In the case of plants, the 
flowers on the circumference of the truss in the guelder-rose 
.( Viburnum optdus) and those on the summit of the spike in the 
feather-hyacinth {Muscari comosum) have been rendered con- 
spicuous, and apparently in consequence sterile, in order that 
insects might easily discover and visit the other flowers. But 
when we endeavour to apply the principle of natural selection 
fo the acquirement by distinct species of mutual sterility, wo 
meet with great difficulties. In the first place, it may be 
remarked that separate regions are often inhabited by groups of 
species or by single species, which when brought together and 
crossed are found to bo more or less sterile ; now it could clearly 
have been of no advantage to such separated species to have 
been rendered mutually sterile, and consequently this could not 
have been effected through natural selection ; but it may per- 
haps be argued, that, if a species were rendered sterile with 
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some one cempatriot, sterility with other species would follow 
as a necessary consequence. In the second place, it is as much 
opposed to the theory of natural selection, as to the theory of 
special creation, that in reciprocal crosses the male element 
of one form should have been rendered utterly inpotent on a 
second form, wliilst at the same time the male element of this 
second form is enabled freely to fertilise the first form ; for this 
peculiar state of the reproductive system could not possibly be 
advantageous to either species. 

In considering the probability of natural selection having 
come into action in rendering species mutually sterile, one 
great difBculty will be found to lie in the existence of many 
graduated steps from slightly lessened fertility to absolute 
sterility. It may be admitted, on the principle abave explained, 
that it would profit an incipient species if it were rendered in 
some slight degree sterile when crossed with its parent-form or 
with some other variety ; for thus fewer bastardised and dete- 
riorated offspring would be produced to commingle their blood 
with the new species in process of formatioa But he who will 
take the trouble to reflect on the steps by which this first 
degree of sterility could be increased through natural selec- 
tion to that higher degree which is common to so many 
species, and which is universal with species which have been dif- 
ferentiated to a generic or family rank, will find the subject extra- 
ordinarily complex. After mature reflection it seems to me that 
this could not have been effected through natural selection ; for 
it could have been of no direct advantage to an individual 
animal to breed badly with another individual of a different 
variety, and thus leave few offspring; consequently such indi- 
viduals could not have been preserved or selected. Or take 
the case of two species which in their present state, when 
crossed, produce few and sterile offspring; now, what is there 
which could favour the survival of those individuals which 
happened to be endowed in a slightly higher degree with mutual 
infertility and which thus approached by one small step towards 
absolute sterility ? yet an advance of this kind, if the theory 
of natural selection be brought to bear, must have incessantly 
occurred with many species, for a multitude are mutually 
quite barren. With sterile neuter insects we have reason to 
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believe that modifications in their structure have been slowly 
accumulated by natural selection, from an advantage having 
been thus indirectly given to the community to which they 
belonged over other communities of the same species; hut an 
individual animal, if rendered slightly sterile when crossed with 
some other variety, would not thus in itself gain any advantage, 
or indirectly give any advantage to its nearest relatives or to 
other individuals of the same variety, leading to their preserva- 
tion. I infer from these considerations that, as far as animals 
are concerned, the various degrees of lessened fertility which 
occur with species when crossed cannot have been slowly accu- 
mulated by means of natural selection. 

With plants, it is possible that the case may be somewhat 
different. With many kinds, insects constantly carry pollen 
from neighbouring plants to the stigmas of each flower; and 
with some species this is effected by the wind. Now, if the 
pollen of a variety, when deposited on the stigma of the same 
variety, should become by spontaneous variation in ever so 
slight a degree prepotent over the pollen of other varieties, this 
would certainly be an advantage to the variety; for its own 
pollen would thus obliterate the effects of the pollen of other 
varieties, and prevent deterioration of character. And the more 
prepotent the variety’s own pollen could be rendered through 
natural selection, the greater the advantage would be. We 
know from the researches of Gartner that, with species which 
are mutually sterile, the pollen of each is always prepotent on 
its own stigma over that of the other species; but we do not 
know whether this prepotency is a consequence of the mutual 
sterility, or the sterility a consequence of the prepotency. If 
the latter view be correct, as the prepotency became stronger 
through natural selection, from being advantageous to a species 
in process of formation, so the sterility consequent on prepo- 
tency would at the same time be augmented ; and the final 
result would be various degrees of sterility, such as occurs with 
existing sj>ecies. This view might bo extended to animals, if 
the female before each birth received several males, so that the 
sexual element of the prepotent male of her own variety obli- 
terated the effects of the access of previous males belonging 
to other varieties ; but we have no reason to believe, at least 
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with terrestrial animals, that this is the case ; as most males and 
females pair for each birth, and some few for life. 

On the whole we may conclude that with animals the sterility 
of crossed species has not been slowly augmented through 
natural selection ; and as this sterility follows the same general 
laws in the vegetable as in the animal kingdom, it is improbable 
though apparently possible, that with plants crossed species should 
have been rendered sterUe by a different process. From this 
consideration, and remembering that species which have never 
co-existed in the same country, and which therefore could not 
have received any advantage from having been rendered mu- 
tually infertile, yet are generally sterile when crossed; and 
bearing in mind that in reciprocal crosses between the same 
two species there is sometimes the widest difference in their 
sterility, we must give up the belief that natural selection has 
come into play. 

As species have not been rendered mutually infertile through 
the accumulative action of natural selection, and as we may 
safely conclude, from the previous as well as from other and ‘ 
more general considerations, that they have not been endowed 
through an act of creation with tliis quality, we must infer 
that it has arisen incidentally during their slow formation in 
connection with other and unknown changes in their organisa- ' 
tion. By a quality arising incidentally, I refer to sii«h caM 
as different species of animals and plants being differently 
affected by poisons to which they are not naturally exposed; 
and this difference in susceptibility is clearly incidental on ' 
other and unknown differences in their organisation. So again 
the capacity in different kinds of trees to be grafted on each 
other, or on a third species, differs much, and is of no advantage 
to these trees, but is incidental on structural or functional dif- 
ferences in their woody tissues. We need not feel surprise at 
sterility incidentally resulting from crosses between distinct 
species, — the modified descendants of a common progenitor, — 
when we bear in mind how easily the reproductive wstem is 
affected by various causes — often by extremely slight changes 
in the conditions of life, by too close interbreeding, and by 
other agencies. It is well to bear in mind such cases, as that 
of the Patsifara ahta, which recovered its self-fertility from 



Danwin Online: By permission i 



! Trustees of the Natural History Museum (London) 



Chap. XIX. 



HYBRIDISM. 



189 



being grafted on a distinct species — the cases of plants which 
normally or abnormally are self-impotent, but can readily be 
fertilised by the pollen of a distinct species — and lastly the 
cases of individual domesticated animals which evince towards 
each other sexual incompatibility. 

We now at last come to the immediate point under dis- 
cussion : how is it that, with some few exceptions in the case of 
plants, domesticated varieties, such as those of the dog, fowl, 
pigeon, several fruit-trees, and culinary vegetables, which differ 
from each other in external characters more than many species, 
are perfectly fertile when crossed, or even fertile in excess, 
whilst closely allied species are almost invariably in some 
degree sterile ? We can, to a certain extent, give a satisfactory 
answer to this question. Passing over the fact that the amount 
of external difference between two species is no sure guide to 
their degree of mutual sterility, so that similar differences in 
the case of varieties would be no sure guide, we know that with 
-species the cause lies exclusively in differences in their sexual 
constitution. Now the conditions to which domesticated animals 
and cultivated plants have been subjected, have had so little 
tendency towards modifying the reproductive system in a 
manner leading to mutual sterility, that we have good grounds 
for admitting the directly opposite doctrine of Pallas, namely, 
that such conditions generally eliminate this tendency ; so that 
the domesticated descendants of species, which in their natural 
state would have been in some degree sterile when crossed, 
become perfectly fertile together. With plants, so far is culti- 
vation from giving a tendency towards mutual sterility, that in 
several well-authenticated cases, already often alluded to, certain 
species have been affected in a very different manner, for they 
have become self-impotent, whilst still retaining the capacity 
of fertilising, and being fertilised by, distinct species. If the 
Pallasian doctrine of the elimination of sterility through long- 
continu^ domestication be admitted, and it can hardly be 
icjcctcdfit becomes in the highest degree improbable that similar 
circumstances should commonly both induce and eUminate the 
same tendency ; though in certain cases, with species having a 
peculiar constitution, sterility might occasionally be thus in- 
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duced. Thus, as I believe, we can understand why with domes- 
ticated animals varieties have not been produced which are 
mutually sterile; and why with plants only a few such cases 
have been observed, namely, by Gartner, with certain varieties 
of maize and verbascum, by other experimentalists with varie- 
ties of the gourd and melon, and by Kolreuter with one kind of 
tobacco. 

With respect to varieties which have originated in a state 
of nature, it is almost hopeless to expect to prove by direct 
evidence that they have been rendered mutually sterile ; for if 
even a trace of sterility could be detected, such varieties would 
at once be raised by almost every naturalist to the rank of 
distinct species. If, for instance, Gartner’s statement were fully 
confirmed, that the blue and red-flowered forms of the pimpernel 
{Anagallis arvensis) are sterile when crossed, I presume that all 
the botanists who now maintain on various grounds that these 
two forms are merely fleeting varieties, would at once admit 
that they were specifically distinct. 

The real difficulty in our present subject is not, as it appears 
to me, why domestic varieties have not become mutually in- 
fertile when crossed, but why this lias so generally occurred 
with natural varieties as soon as they have been modified in a 
sufficient and permanent degree to take rank as species. We 
are far from precisely knowing the cause ; nor is this surprising, 
seeing how profoundly ignorant we are in regard to the normal 
and abnormal action of the reproductive system. But we can 
see that species, owing to their struggle for life with numerous 
competitors, must have been exposed to more uniform conditions 
during long periods of time, than have been domestic varieties; 
and this may well make a wide difference in the result. For we 
know how commonly wild animals and plants, when taken from 
their natural conditions and subjected to captivity, are rende^ 
sterile ; and the reproductive functions of organic beings which 
have always lived and been sloivly modified under natural con- 
ditions would probably in like manner be eminently sensitive to 
the influence of an unnatural cross. Domesticated productions, 
on the other hand, which, as shown by the mere fact of their 
domestication, were not originally highly sensitive to changes 
in their conditions of life, and which can now generally resist 
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with undiminished fertility repeated changes of conditions, 
might be expected to produce varieties, which would be little 
liable to have their reproductive powers injuriously affected by 
the act ef crossing with other varieties which had originated in 

Certain naturalists have recently laid too great stress, as it 
appears to me, on the difference in fertility between varieties 
and species when crossed. Some allied species of trees cannot 
be grrfted on each other,— all varieties can be so grafted. Some 
allied animals are affected in a very different manner by the 
same poison, but with varieties no such case imtil recently was 
known, but now it has been proved that immunity from certain 
poisons stands in some cases in correlation with the colour of 
the hair. The period of gestation generally differs much with 
distinct species, but with varieties until lately no such difference 
had been observed. The time required for the germination 
of seeds differs in an analogous manner, and I am not aware 
that any difference in this respect has as yet been detected 
with varieties. Hero we have various physiological differences, 
and no doubt others could be added, between one species and 
another of the same genus, which do not occur, or occur with 
extreme rarity, in the case of varieties ; and these differences 
arc apparently wholly or in chief part incidental on other con- 
stitutional differences, just in the same manner as the sterility 
of crossed species is incidental on differences confined to the 
sexual system. Why, then, should these latter differences, how- 
ever serviceable they may indirectly be in keeping the inha- 
bitants of the same country distinct, be thought of such para- 
mount importance, in comparison ivith other incidental and 
functional differences? No sufficient answer to this question 
can be given. Hence the fact that the most distinct domestic 
varieties are, with rare exceptions, perfectly fertile when crossed, 
and produce fertile offspring, whilst closely allied species are, 
with rare exceptions, more or less sterile, is not nearly so 
formidable an objection as it appears at first to the theory of 
the common descent of allied species. 
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SELECTION BY MAN. 



SELECTION A ©IFFICI LT ABT — METHODICAL, CNCONSCIOCS, AND KATUBAL SELECTION 
—RESULTS OF METTHODICAL SELECTION — CARE TAKEN IN SELECnON — SELECTION 
WITH PLANTS — SELECTION CARRIED ON BY THE ANCIENTS, AND BY SEMI-CIVILiaED 



PEOPLE— UNIMPOBTANT CHARACTERS OFTEN ATTENDED TO — CNCON8CTOC8 SELEC- 
TION — AS CIRCT-TISTANCES SLOWLY CHANGE, SO HAVE OITB DOMESnCATED ANMAU 
CHANGED THROCOH THE ACTION OF UNCON8CIOC8 SELECTION — INFLCENCE OF 




CK IN THE PARTS MOST TALCED BY MAN. 



The power of Selection, whether exercised by man, or brought 
into play under nature through the struggle for existence and 
the consequent survival of the fittest, absolutely depends on the 
variability of organic beings. Without variability nothing can be 
effected ; slight individual differences, however, sufiSce for the 
work, and are probably the sole differences which are effective 
in the production of new species. Hence our discussion on the 
causes and laws of variability ought in strict order to have pre- 
ceded our present subject, as well as the previous subjects of 
inheritance, crossing, &c. ; but practically the present arrange- 
ment has been foimd the most convenient. Man does not 
attempt to cause variability ; though he unintentionally effects 
this by exposing organisms to new conditions of life, and by 
crossing breeds already formed. But variability being granted, 
he works wonders. Unless some degree of selection be exercised, 
the free commingling of the individuals of the same variety soon 
obliterates, as we have previously seen, the slight differences 
which may arise, and gives to the whole body of individuals 
uniformity of character. In sepai-ated districts, long-continued 
exposure to different conditions of life may perhaps produce new 
races without the aid of selection ; but to this difficult subject 
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of the direct action of the conditions of life we shall in a future 
chapter recur. 

A\’hen animals or plants are bom ivith some conspicuous and 
firmly inherited new character, selection is reduced to the pre- 
servation 9f such individuals, and to the subsequent prevention of 
crosses ; so that nothing more need be said on the subject. Hut 
in the great majority of cases a new character, or some superi- 
ority in anf old character, is at first faintly pronounced, and is 
not strongly inherited; and then the full difficulty of selection 
is experienced. Indomitable patience, the finest powers of 
discrimination, and sound judgment must be exercised during 
many years. A clearly predetermined object must be kept 
steadily in view. Few men are endowed with aU these qualities, 
specially with that of discriminating very slight differences; 
judgment can be acquired only by long experience; but if any 
of these qualities be wanting, the labour of a life may bo thrown 
away. I have been astonished when celebrated breeders, whose 
skiff and judgment have been proved by their success at exhi- 
bitions, have shown me their animals, which appeared all alike, 
and have assigned their reasons for matching this and that indi- 
vidual. The importance of the great principle of Selection 
mmly lies in this i>ower of selecting scarcely appreciable 
differences, which nevertheless are found to be transmissible 
and which can be accumulated until the result is made manifest 
to the eyes of every beholder. 

The principle of selection may be conveniently divided info 
three kmds. Methodical seUdion is that which guides a man 
who systematically endeavours to modify a breed according to 
some predetermined standard. Unconmov» sdection is that 
which follows &om men naturally preserving the most valued 
and destroymg the less valued individuals, without any thought 
this process slowly 

^ peat chanps. Unconscious selection graduates into 
Torn selecting 
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unconsciously.* Lastly, we have Naiural selection, which implies 
that the individuals which are best fitted for the complex, 
and in the course of ages changing conditions to which they 
are exposed, generally survive and procreate their kind. With 
domestic productions, with which alone we are here strictly 
concerned, natural selection comes to a certain extent into 
action, independently of, and even in opposition to, the will 
of man. 



Methodieat Sdedion. — AVhat man has effected within recent 
times in England by methodical selection is clearly shoTO by 
our exhibitions of improved quadrupeds and fancy birds. With 
respect to cattle, sheep, and pigs, we owe their great improve- 
ment to a long series of well-known names — Bakewell, Colling, 
Ellman, Bates, Jonas Webb, Lords Leicester and Western, 
Fisher Hobbs, and others. Agricultural writers are unanimons 
on the power of selection : any number of statements to this 
effect could be quoted ; a few will sufBce. Youatt, a sagacious 
and experienced observer, ivrites,’ the principle of selection is 
“ that which enables tbe agriculturist, not only to modify the 
character of his flock, but to change it altogether.” A great 
breeder of shorthorns^ says, “ In the anatomy of the shoulder 
“ modem breeders have made great improvements on the 
“ Kotton shorthorns by correcting the defect in the knuckle or 
*• shoulder-joint, and by laying the top of the shoulder more 
“ snugly into the crop, and thereby filling up tlie hollow 
“■ behind it. . ... The eye has its fashion at different periods: 
*• at one time tlie eye high and outstanding from the head, and 
“ at another time the sleepy eye sunk into the head ; but these 
“ extremes have merged into the medium of a full, clear, and 
“ prominent eye with a placid look.” 

Again, hear what an excellent judge of pigs* says : ‘‘ The legs 



* The tcnn uncontciout adecthn has 
l)cen objected to os a coutradiction ; but 
fee Bome excollont obscrrations on this 
head by Prof. Huxley (‘Nat. Hist. 
Kcview/ Oct. 18G4, p. 578), who re- 
marks that when the wind heaps up 
rand-dunes it sifts and uneemeciouely 
feleete from the gravel on the beach 



grains of sand of equal size. 

* On Shoep, 1838. p. 60. 

» Mr, J. Wright on Shorthorn CatOe, 
in ’Journal of Royal AgriculL Soc./ 



^ H. D. Richardson on Riga, 



p. 44. 
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“ should bo no longer than just to prevent tho animal’s belly 
“ from trailing on the ground. The leg is the least profitable 
“ portion of the hog, and we therefore require no more of it than 
“ is absolutely necessary for the support of the rest.” Let any 
one compare the wild-boar with any improved breed, and he will 
see how effectually the legs have been shortened. 

Few persons, except breeders, are aware of the systematic 
care taken in selecting animals, and of the necessity of having a 
clear and almost prophetic vision into futurity. Lord Spencer’s 
skill and judgment were well known ; and he writes," “ It is 
” therefore very desirable, before any man commences to breed 
“ either cattle or sheep, that he should make up his mind to the 
“ shape and qualities he wishes to obtain, and steadily pursue 
“ this object.” Lord Somerville, in speaking of the marvellous 
improvement of the New Leicester sheep, effected by Bakewell 
and his successors, says, “It would seem as if they had first 
drawn a perfect form, and then given it life.” Yonatt* urges 
the necessity of annually drafting each flock, as many animal. 
will certainly degenerate “ from the standard of excellence, which 
the breeder has established in his own mind.” Even with a 
bird of such little importance as the canary, long ago (1780- 
1790) rules were established, and a standard of perfection was 
fixed, according to which the London fanciera tried to breed the 
several sub-varieties.’ A great winner of prizes at the Pigeon- 
shows," in describing the Short-faced Almond Tumbler, says, 

“ There are many first-rate fanciers who are particularly partial 
“ to what is flisa 1- -• V ^ . 




j wAiv aio |.»aiiiuuiuriy pariiai 

to what IS called the goldfinch-beak, which is very beautiful ■ 
“ others say, take a full-size round cherry, then take a barley- 
‘ corn, and judiciously placing and thrusting it into the cherry, 
form as it were your beak ; and that is not all fn, it „;il e 




..u,., vui. viu,, 1S35. p. 618. 

tho Art of Blooding the Almond Tumbler,’ 1851, p. 9. 



5. p. 618. 



“ On Sheep, pp. 520, 319. 
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temal shape and proportions are concerned, the end has been* 
nearly gained. 

Not only should our animals be examined with the greatest 
care wliilst alive, but, as Anderson remarks,® their carcases should 
bo scrutinised, “ so as to breed from the descendants of such 
only as, in the language of the butcher, cut up welL” The 
“grain of the meat” in cattle, and its being well marbled with 
fat,'® and the greater or less accumulation of fat in the abdomen 
of our sheep, have been attended to with success. So with 
poultry, a writer," speaking of Cochin-China fowls, which are 
said to differ much in the quality of their flesh, says, “the best 
“ mode is to purchase two young brother-cocks, kill, dress, and 
“ serve up one ; if he be indifferent, similarly dispose of the 
“ other, and try again ; if, however, he be fine and well-flavoured, 
“ his brother will not be amiss for breeding purposes for the 
“ table.” 

The great principle of the division of labour has been brought 
to bear on selection. In certain districts “ “the breeding of 
“ bulls confined to a very limited number of persons, who by 
“ devoting their whole attention to this department, are able 
“ from year to year to furnish a class of bulls which are steadily 
“ improving the general breed of the district.” The rearing 
and letting of choice rams has long been, as is well known, a 
chief source of profit to several eminent breeders. In parts of 
Germany this principle is carried with merino sheep to an 
extreme point.'® “ So important is the proper selection of 
“ breeding animals considered, that the best flock-masters do 
“ not trust to their own judgment, or to that of their shepherds, 
“ but employ persons called ‘ sheep-classifiers,’ who make it their 
“ special business to attend to this part of the management of 
“ several flocks, and thus to preserve, or if possible to improve, 
“ the best qualities of both parents in the lambs.” In Saxony, 
“ when the lambs are weaned, each in his turn is placed upon 
“ a table that his wool and form may be minutely observed. 

' • lictwcationa in Agriculture,’ vol. Agricult. Soc.,’ quoted in ‘ G«rd. Cter 
ii. p.409. nicle,’ 1844, p. 29. „ . 

“ Youatt on Cattle, pp. 191, 227. « Simmonda, quoted in ‘ U*"- 

'■ Ferguson, ‘Prize Poultry,’ 1854, Clironicle,’ 1855, p. 637. And 6r 
p. 208. second quotation, uc Youatt on Slwep. 

“ Wilson, in ‘ Transact. Highland p. 171. 
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* “ The finest are selected for breeding and receive a first mark. 
“ When they are one year old, and prior to shearing them, 
“ another close examination of those previously marked takes 
“ place : those in which no defect can be found receive a second 
“ mark, and the rest are condemned. A few months afterwards 
“ a third and last scrutiny is made ; the prime rams and ewes 
“ receive a third and final mark, but the slightest blemish is 
“ sufficient to cause the rejection of tlie animal.” These sheep 
are bred and valued almost exclusively for the fineness of their 
wool ; and the result corresponds with the labour bestowed on 
their selection. Instruments have been invented to measure 
accurately the thickness of the fibres ; and “ an Austrian fleece 
has been produced of which twelve hairs equalled in thickness 
one from a Leicester sheep.” 

Throughout the world, wherever silk is produced, the greatest 
care is bestowed on selecting the cocoons from which the moths 
for breeding are to be reared. A careful cultivator'* likewise 
examines the moths themselves, and destroys those that are not 
perfect. But what more immediately concerns us is th!R certain 
families in France devote themselves to raising eggs for sale."* 
In China, near Shanghai, the inhabitants of two small districts 
have the privilege of raising eggs for the whole surrounding 
country, and that they may give up their whole time to this 
business, they are interdicted by law from producing silk.'® 

The care which successful breeders take in matching their 
birds is surprising. Sir John Sebright, whose fame is perpetuated 
by the “ Sebright Bantam,” used to spend “ two and three days 
in examining, cpnsulting, and disputing with a friend which 
were the best of flve or six birds.” Mr. Bult, whose pouter- 
pigeons won so many prizes and were exported to North 
America under the charge of a man sent on piuq)ose, told 
me that he always deliberated for several days before he 
matched each pair. Hence we can understand the advice of an 
eminent fancier, who writes,'* “ I would here particularly guard 



'* Robinet, • Vera b Soie,’ 1848, p. 271 . 
^ '* Quatefa.gcti, ‘ Lee Muladica du 

'* M. Simon, in ‘ Bull, de In Soo. 
d’Acclimnt..' tom. it, 1862, p. 221. 



‘ The Poultry Clnrouicle,’ vol. i., 
1854, p. 607. 

“ J. M. Eaton, ‘ A Treatise on Fancy 
Pigeons,’ 1852, p. xiv., and ‘ A Treatise 
on the Almond Tumbler,’ 1851, p. 11. 



Darwin Online: By permission i 






! Natural History Museum (London) 



198 



SELECTION. 



Chip. XX. 



“ you against having too great a variety of pigeons, otherwise 
“ you -will know a little of all, but nothing about one as it 
“ ought to be known.” Apparently it transcends the power of 
the human intellect to breed all kinds : “ it is possible that 
“ there may be a few fanciers that have a good general know- 
“ ledge of fancy pigeons ; but there are many more who labour 
“ under the delusion of supposing they know what they do not.” 
The excellence of one sub-variety, the Almond Tumbler, lies in 
the plumage, carriage, head, beak, and eye ; but it is too pre- 
sumptuous in the beginner to try for all these points. The 
great judge above quoted says, “ there are some young fanciers 
“ who are over-covetous, who go for all the above five properties 
“ at once ; they have their reward by getting notliing.” We 
thus see that breeding even fancy pigeons is no simple art : we 
may smile at the solemnity of these precepts, but he who laughs 
will win no prizes. 

What methodical selection has effected for our animals is 
sufficiently proved, as already remarked, by our Exhibitions. 
So greatly were the sheep belonging to some of the earlier 
breeders, such as Bakewell and Lord Western, changed, that 
many persons could not be persuaded that they had not been 
crossed. Our pigs, as Mr. Corringham remarks,” during the 
last twenty years have undergone, through rigorous selection 
together with crossing, a complete metamorphosis. The first 
exhibition for poultry was held in the Zoological Gardens in 
1845 ; and the improvement efifected since that time has been 
great. As Mr. Daily, the great judge, remarked to me, it was 
formerly ordered that the comb of the Spanish cock should be 
upright, and in four or five years all good birds had upright 
combs ; it was ordered that the Polish cock should have no 
comb or wattles, and now a bird thus furnished would be at 
once disqualified ; beards were ordered, and out of fifty-seven 
pens lately (1860) exhibited at the Crystal Palace, il had 
beards. So it has been in many other cases. But in all cases 
the judges order only what is occasionally produced and what 
can be improved and rendered constant by selection. The 
steady increase of weight during the last few years in our 

» • Journal Boyal Agricultural Boo..’ vol. vi. p. 22. 
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fowls, turkeys, ducks, and geese is notorious; “six-pound 
ducks are now common, whereas four pounds was formerly the 
average.” As the actual time required to make a change has 
not often been recorded, it may be worth mentioning that it 
took Mr. Wicking thirteen years to put a clean white head on 
an almond tumbler’s body, “ a triumph,” says another fancier, 
“ of which he may be justly proud.” ” 

Jlr. Toilet, of Betley Hall, selected cows, and especially bulls, 
descended from good milkers, for the sole purpose of improving 
his cattle for the production of cheese ; he steadily tested the 
milk with the lactometer, and in eight years he increased, as I 
was informed by him, the product in the proportion of four to 
three. Hero is a curious case” of steady but slow progress, 
with the end not as yet fully attained : in 1784 a race of silk- 
worms was introduced into France, in which one hundred out 
of the thousand failed to produce white cocoons ; but now, after 
careful selection during sixty-five generations, the proportion of 
yellow cocoons has been reduced to thirty-five in the thousand. 

With plants selection has been followed with the same good 
results as with animals. But the process is simpler, for plants 
in the great majority of cases bear both sexes. Nevertheless, 
with most kinds it is necessary to take as much care to pre- 
vent crosses as with animals or unisexual plants; but with 
some plants, such as peas, this care does not seem to be neces- 
sary. With all improved plants, excepting of course those 
which are propagated by buds, cuttings, &c., it is almost indis- 
pensable to examine the seedlings and destroy those which 
depart from the proper type. This is called “roguing,” and 
is, in fact, a form of selection, like the rejection of inferior 
animals. Experienced horticulturists and agriculturists inces- 
santly urge every one to preserve the finest plants for the 
production of seed. 

Although plants often present much more conspicuous varia- 
tions than animals, yet the closest attention is generally requisite 
to detect each slight and favourable cliange. Mr. Masters 
relates” how “many a patient hour was devoted,” whilst he was 



» ‘Poultry Chronicle,’ vol. ii„ I 855 , 590 . 

_ Lid. Gcoaroy St. Hilaire, ‘ Hut. Nut. Gdn.,’ 1 
= ‘Gardener’s Chronicle,’ 1850, p. 108. 
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young, to the detection of differences in peas intended for seed. 
Mr. Barnet® remarks that the old scarlet American strawberry 
was cultivated for more than a century without producing a 
single variety ; and another writer observes how singular it was 
that when gardeners first began to attend to this fruit it began 
to vary ; the truth no doubt being that it had always varied, 
but that, until slight varieties were selected and propagated by 
seed, no conspicuous result was obtained. The finest shades of 
difference in wheat have been discriminated and selected with 
almost as much care, as we see in Colonel Le Couteur’s works, 
as in the case of the higher animals ; but with our cereals the 
process of selection has seldom or never been long continued. 

It may be worth while to give a few examples of methodical 
selection with plants; but in fact the great improvement of all 
our anciently cultivated plants may be attributed to selection 
long carried on, in part methodically, and in part unconsciously. 
I have shown in a former chapter how the weight of the goose- 
berry has been increased by systematic selection and culture. 
The flowers of the Heartsease liave been similarly increased m 
size and regularity of outline. With the Cineraria, Mr. Glenny" 
“ was bold enough, when the flowers were ragged and starry 
“ and ill defined in colour, to fix a standard which was then 
“ considered outrageously high and impossible, and which, even 
“ if reached, it was said, we should be no gainers by, as it would 
“ spoil the beauty of the flowers. He maintained that he was 
“ right ; and the event has proved it to be so.” The doubling 
of flowers has several times been effected by careful selection : 
the Kev. W. Williamson,® after sowing during several years 
seed of Anemone coronaria, found a plant with one additional 
petal ; he sowed the seed of this, and by perseverance in the 
same course obtained several varieties with six or seven roivs of 
petals. The single Scotch rose was doubled, and pelded eight 
good varieties in nine or ten years.® The Canterbury Itell 
(Campan'iUa medium) was doubled by careful selection in four 
generations.® In four years Mr. Buckman,® by culture and 

“ ‘Tronsoct. Hort. Soc.,' vol. vi. p. ‘ Transact. Hort. Soo.,’ voL iv. p. 

152. 285. 

® ‘Journal of Horticulture,’ 1862, p. W Key. W. Bromeliead, in ‘Card. 
559.. CLronicle,’ 1857, p. 550. 

” ‘ Transact. Hort. Soc.,' vol. iy. p. 381. » • Ganl. Chronicle,’ 1862, p. 721. 
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careful selection, converted parsnips, raised from wild seed, into 
a new and good variety. By selection during a long course of 
years, the early maturity of peas has been hastened from ten to 
twenty-one days.” A more curious case is offered by the beet- 
plant, which since its cultivation in France, has almost exactly 
doubled its yield of sugar. This has been effected by the most 
careful selection ; the specific gravity of the roots being regu- 
larly tested, and the best roots saved for the production of 



Sdectionhy Ancient and Semi-eivilised People. 

In attributing so much importance to the selection of animals 
and plants, it may be objected that methodical selection would 
not have been carried on during ancient times. A distinguished 
naturalist considers it as absmd to suppose that semi-civilised 
people should have practised selection of any kind. Undoubt- 
edly the principle has been systematically acknowledged and 
followed to a far greater extent within the last hundred years 
than at any former period, and a corresponding result has 
been gained ; but it would be a great error to suppose, as we 
shall immediately see, that its importance was not recogni.sed 
and acted on during the most ancient times, and by semi- 
civflised people. I should premise that many facts now to be 
given only show that care was taken in breeding; but when 
this is the case, selection is almost sure to be practised to a 
certain extent We shall hereafter be enabled better to judge 
how far selection, when only occasionally carried on, by a few 
of the inhabitants of a country, will slowly produce a great 
effect 

In a well-known passage in the thirtieth chapter of Genesis, 
rules are given for influencing, as was then thought possible, 
the colour of sheep ; and speckled and dark breeds are spoken 
of as being kept separate. By the time of David the fleece was 
likened to snow. Youatt,” who has discussed all the passages 
in relation to breeding in the Old Testament, concludes that 

” Dr. Anderson, in ‘The Bee,’ vol. “ Godron, ‘De I’EspiSce.’ 1859, tom. 
vi. p. 9C; Mr. Bnmes, in ‘ Gard. ii. p. 09; ■ Gatd. Chronicle,’ 1854, p.258.; 
Chronicle.’ 1844, p. 476. Ji On Sheep, p. 18. 
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at this early period “some of the best principles of breeding 
must have been steadily and long pursued.” It was ordered, 
according to Moses, that “Thou shalt not let thy cattle gender 
with a diverse kind ; ” but mules were purchased,® so that at this 
early period other nations must have crossed the horse and ass. 
It is said® that Erichthonius, some generations before the Trojan 
war, had many brood-mares, “ which by liis care and judgment 
in the choice of stallions produced a breed of horses superior 
to any in the surrounding countries.” Homer (Book v.) speaks 
of .Eneas’s horses as bred from mares which were put to the 
steeds of Laomedon. Plato, in his ‘ Republic,’ says to Glaucus, 
“I see that you raise at your house a great many dogs for the 
chase. Do you take care about breeding and pairing them? 
Among animals of good blood, are there not always some 
which are superior to the rest?” To which Glaucus answers 
in the affirmative." Alexander the Great selected the finest 
Indian cattle to send to Macedonia to improve the breed.” 
According to Pliny,* King Pyrrhus had an especially valuable 
breed of oxen; and he did not suffer the bulls and cows to 
come together till four years old, that the breed might not 
degenerate. Virgil, in his Georgies (lib. iii.), gives as strong 
advice as any modem agriculturist could do, carefully to select 
the breeding stock; “to note the tribe, the lineage, and the 
sire; whom to reserve for husband of the herd;”— to brand the 
progeny ; — to select sheep of the purest white, and to examine 
if their tongues are swarthy. We have seen that the Homans 
kept pedigrees of their pigeons, and this would have been a 
senseless proceeding had not great care been taken in breeding 
them. Columella gives detailed instmetions about breeding 
fowls : “ Let the breeding hens therefore bo of a choice colour, 
“ a robust body, square-built, full-breasted, with large heads, 
“ with upright and bright-red combs. Those ore believed to be 
“ the best bred which have five toes.”* According to Tacitus, 
the Celts attended to the races of their domestic animals; 



* Volz, ■ Bcitnigo zur Kulturge- 
" Mitfonl’s ‘ Histoiy of Greece,’ vol. 



)r. Dally, translated in ‘ jtnthropo- 



logieal Review,’ May 1864, p. 101. 

” Volz, ‘ Beitlagc,’ &c., 18S2, a. 80. 

* ‘ History of the World,’ oh. 45. 

* ‘Gardener’s Chronicle,’ 1848, p. 
323. 
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and Cwsar states that they paid high prices to merchants for 
fine imported liorses.* In regard to plants, Virgil speaks of 
yearly culling the largest seeds ; and Celsus says, “ where the 
com and crop is but small, we must pick out the best ears of 
com, and of them lay up our seed separately by itself.”® 

Coming down the stream of time, we may be brief. At about 
the beginning of the ninth century Charlemagne expressly 
ordered his officers to take great care of his stallions ; and if 
any proved bad or old, to forewarn him in good time before they 
were put to the mares.* Even in a country so little civilised 
as Ireland during the ninth century, it would appear from some 
ancient verses,* describing a ransom demanded by Cormac, that 
animals from particular places, or having a particular character, 
were valued. Thus it is said, — 



Two pigs of the pigs of Mac Lir, 

A ram and ewe both round and red, 

I brought with mo from Aengiis. 

I brought with me a stallion and a maro 
From the beautiful stud of Manannan, 

A bull and a white cow from Druim Cain. 



Athelstan, in 930, received as a present from Germany, running- 
horses; and he prohibited the exportation of English horses. 
King John imported “one hundred chosen staUions from 
Flanders.”" On June ICth, 1305, the Prince of Wales wrote 
to the Archbishop of Canterbury, begging for the loan of any 
choice stallion, and promising its return at the end of the 
season." There are numerous records at ancient periods in 
English history of the importation of choice animals of various 
kinds, and of foolish laws against their exportation. In the 
reigns of Henry VII. and VIII. it was ordered that the 
magistrates, at Michaelmas, should scour tlie heaths and com- 
mons, and destroy all mares beneath a certain size." Some of 
our earlier kings passed laws against the slaughtering rams of any 
good breed before they were seven years old, so that they might 



" Reynier, ‘ De I'Economio dea 
Celtea,’ ISIS. pp. 487, 503. 

" Lo Coutcur on Wheat, p. 15. 

" Michel, ‘ ^ Ilara^’ 1861, p. 84. 

nmanhictHreil Anuaal Rennuns,’ &c.. 



1860, p. 11. 

" Col. Hamilton Smith, ‘ Nat. 
Librajy,’ vol. lii., Horaea, pp. 135, 140. 
" Michel, ‘ Dea Haraa,’ p. 80. 
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have time to breed. In Spain Cardinal Ximenes issued, in 1509, 
regulations on the aeleetion of good rams for breeding." 

The Emperor Akbar Khan before the year 1600 is said to 
have “wonderfully improved” his pigeons by crossing the 
breeds; and this necessarily implies careful selection. About 
the same period the Dutch attended with the greatest care 
to the breeding of these birds. Belon in 1555 says that good 
managers in France examined the colour of their goslings in 
order to get geese of a white colour and better kinds. Markham 
in 1631 tells the breeder “ to elect the largest and goodliest 
conies,” and enters into minute details. Even with respect 
to seeds of plants for the flower-garden. Sir J. Hanmer writing 
about the year 1660 * says, in “ choosing seed, the best seed is 
the most weighty, and is had from the lustiest and most vigor- 
ous stems and he then gives rules about leaving only a few 
flowers on plants for seed; so that even such details were 
attended to in onr flower-gardens two hundred years ago. In 
order to show that selection has been silently carried on in 
places where it would not have been expected, I may add that 
in the middle of the last century, in a remote part of North 
America, Mr. Cooper improved by careful selection aU his 
vegetables, “ so that they were greatly superior to those of any 
“ other person. When his radishes, for instance, are fit for use, 
“ he takes ten or twelve that he most approves, and plants 
“ them at least 100 yards horn others that blossom at the same 
“ time. In the same manner he treats all his other plants, 
“ varying the circumstances according to their nature.”*’ 

In the great work on China published in the last century by 
the Jesuits, and which is chiefly compiled from ancient Chinese 
eneyclopsedias, it is said that with sheep “ improving the breed 
“ consists in choosing with particular care the lambs which are 
“ destined for propagation, in nourishing them well, and in 
“keeping the flocks separate.” The same principles were 
applied by the Chinese to various plants and fruit-trees.® An 

" M. I’AbW earlier, in ■ Journal da « ‘Gardener’s Chronicle,’ 1843,p.389. 
Physique,’ vol xriv., 1784, p. 181 ; this « Communications to Board of Agri- 
memoir contains ranch information on cnlturc, quoted in Dr. Darwin’s ’ Phyto- 
the ancient selection of sheep ; and is login,’ 1800, p. 451. 
my authority for rams not being kiUed « ‘ Memoiro sur Ics Chinois,’ 1786, 
young in England. tom. xi. p. 55 ; tom. v. p. 507. 
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imperial edict recommends the choice of seed of remarkable 
size; and selection was practised even by imperial hands, for 
it is said that the Ya-mi, or imperial rice, was noticed at an 
ancient period in a field by the Emperor Khang-hi, was saved 
and cultivated in his garden, and has since become valnable 
from being the only kind which will grow north of the Great 
Wall." Even with flowers, the tree pasony (P. motUan) has 
been cultivated, according to Chinese traditions, for 1400 years; 
between 200 and 300 varieties have been raised, which are 
cherished like tulips formerly were by the Dutch.* 

Turning now to semi-civilised people and to savages: it 
occurred to me, from what I had seen of several parts of South 
America, where fences do not exist, and where the animals are 
of little value, that there would be absolutely no care in breeding 
or selecting them ; and this to a large extent is true. Roulin,“‘ 
however, deseribes in Colombia a naked race of cattle, which are 
not allowed to increase, on account of their delicate constitution. 
According to Azara“ horses are often born in Paraguay with curly 
hair ; but, as the natives do not like them, they are destroyed. 
On the other hand, Azara states that a hornless bull, bom in 
1770, was preserved and propagated it race. I was informed of 
the existence in Banda Oriental of a breed with reversetl hair; 
and the extraordinary niata cattle first appeared and have since 
been kept distinct in La Plata. Hence certain conspicuous va- 
riations have been preserved, and others have been habitually 
destroyed, in these countries, which are so little favourable for 
careful selection. We have also seen that the inhabitants some- 
times introduce cattle on their estates to prevent the evil effects of 
close interbreeding. On the other hand, I have heard on reliable 
authority that the Gauchos of the Pampas never take any pains in 
selecting the best buUs or stallions for breeding ; and this probably 
accounts for the cattle and horses being remarkably uniform in 
character throughout the immense rangeof the Argentine republic. 

Looking to the Old World, in the Saliara Desert “The 
“ Touareg is as careful in the selection of his breeding Mahari 



** * Roeberrhes sur rAgriculture dea 
Chinoia,* par L. D’Hervoy-Saint-Denys, 
1850, p. 229. With respect to Khang-hi, 
we Hue's ‘ Obiucse Em{)ire/ p. 311. 
Anderson, in *Linn. Transact.,’ 



vol. xii. p. 253. 

** ‘ Mem. de 1‘Acad.’ (divers savans), 
tom. Vi., 1835, p. 333. 

^ * Des Quadrupedes du Paraguay,’ 
1801. tom. il p. 333, 371. 
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“ (a fine race of the dromedary) as the Arab is in that of his 
“ horse. The pedigrees are handed down, and many a dromedary 
“ can boast a genealogy far longer than the descendants of the 
“ Parley Arabian.” “ According to Pallas the Mongolians 
endeavour to breed the Yaks or horse-tailed buffaloes with 
white tads, for these are sold to the Chinese mandarins as fly- 
flappers ; and Moorcroft, about seventy years after Pallas, found 
that white-tailed animals were still selected for breeding.'^ 

We have seen in the chapter on the Dog that savages in 
different parts of North America and in Guiana cross their 
dogs with wild Canid®, as did the ancient Gauls, according 
to Pliny. This was done to give their dogs strength and 
vigour, in the same way as the keepers in large warrens 
now sometimes cross their ferrets (as I have been informed by 
Mr. Yarrell) with the wild polecat, “ to give them more devil.” 
According to Varro, the wild ass was formerly caught and 
crossed with the tame animal to improve the breed, in the 
same manner as at the present day the natives of Java sometimes 
drive their cattle into the forests to cross with the wild Banteng 
(Bos sondaicm).’^ In Northern Siberia, among the Ostyaks 
the dogs vary in markings in different districts, but in each 
place they are sjmtted black and white in a remarkably uniform 
manner;** and irom this fact alone we may infer careful 
breeding, more especially as the dogs of one locality are famed 
throughout the country for their superiority. I have heard of 
certain tribes of Esquimaux who take pride in their teams of 
dogs being uniformly coloured. In Guiana, as Sir R. Schom- 
burgk informs me,” the dogs of the Turuma Indians are highly 
valued and extensively bartered : the price of a good one is the 
same as that given for a wife : they are kept in a sort of cage, 
and the Indians “ take great care when the female is in season 
to prevent her uniting with a dog of an inferior description.” 
The Indians told Sir Robert that, if a dog proved bad or useless, 

“ ‘The Great Sahara,’ by tho Eev. 

II. B. Tristram, 1860, p. 2S8. 

“ Pallas, ‘ Act Acad.SLPoleraburg,’ 

1777, p. 249; Moorcroft and Trebeck, 

• Travels in tho Himalayan Provinces,’ 

1841. 

“ Quoted from liafScs, in the ' Indian 
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he was not killed, but was left to die from sheer neglect. 
Hardly any nation is more barbarous than the Fuegians, but I 
hear from Mr. Bridges, the Catechist to the Mission, that, 
“ when these savages have a large, strong, and active bitch, they 
“ take care to put her to a fine dog, and even take care to feed 
“ her well, that her young may be strong and well favoured.” 

In the interior of Africa, negroes, who have not associated 
with white men, show great anxiety to improve their animals : 
they “ always choose the larger and stronger males for stock 
the Malakolo were much pleased at Livingstone’s promise to 
send them a bull, and some Bakalolo carried a live cock all the 
way from Loanda into the interior.“ Further south on the 
same continent, Andersson states that he has known a Damara 
give two fine oxen for a dog which stnick his fancy. The 
Damaras take great delight in having whole droves of cattle of 
the same colour, and they prize their oxen in proportion to the 
size of their horns. “ The Namaquas have a perfect mania for 
“ a uniform team ; and almost all the people of Southern Africa 
“ value their cattle next to their women, and take a pride in 
“ possessing animals that look high-bred.” “ They rarely or 
“ never make use of a handsome animal as a beast of burden.”® 
The power of discrimination which these savages possess is 
wonderful, and they can recognise to which tribe any cattle 
belong. Mr. Andersson further informs mo that the natives 
frequently match a particular bull with a particular cow. 

The most curious case of selection by semi-civilised people, or 
indeed by any people, which I have found recorded, is that 
given by Garcilazo de la Vega, a descendant of the Incas, as 
having been practised in Peru before the country was subjugated 
by the Spaniards.® The Incas annually held great hunts, when 
aU the wild animals were driven from an immense circuit to a 
central point The beasts of prey were first destroyed as inju- 
rious. The wild Guanacos and Vicunas were sheared; the old 
males and females killed, and the others set at liberty. The 
1 arioos kinds of deer were examined ; the old males and females 
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were likewise killed; “but the young females, with a certain 
number of males, selected from the most beautiful and strong,” 
were given their freedom. Here, then, we have selection by 
man aiding natural selection. So that the Incas followed 
exactly the reverse system of that which our Scottish sportsmen 
are accused of following, namely, of steadily killing the finest 
stags, thus causing the whole race to degenerate.®' In regard 
to the domesticated llamas and alpacas, they were separated 
in the time of the Incas according to colour ; and if by chance 
ene in a flock was born of the wrong colour, it was eventually 
put into another flock. 

In the genus Auchenia there are four forms, — ^the Guanaco and 
Vicuna, found wild and undoubtedly distinct species; the Llama 
and Alpaca, known only in a domesticated condition. These 
four animals appear so different, that most professed naturalists, 
especially those who have studied these animals in their native 
country, maintain that they are specifically distinct, notwith- 
standing that no one pretends to have seen a wild llama or 
alpaca. Mr. Ledger, however, who has closely studied these 
animals both in Peru and during their exportation to Australia, 
and who has made many experiments on their propagation, 
adduces arguments® which seem to me conclusive, that the 
Hama is the domesticated descendant of the guanaco, and the 
alpaca of the vicuna. And now that we know that these 
animals many centuries ago were systematically bred and 
selected, there is nothing surprising in the great amount of 
change which they have undergone. 

It appeared to me at one time probable that, though ancient 
and semi-civilised people might have attended to the improve- 
ment of their more useful animals in essential points, yet that 
they would have disregarded unimportant characters. But 
human nature is the same throughout the world : fashion every- 
where reigns supreme, and man is apt to value whatever he 
may chance to possess. We have seen that in South Ameriw 
the niata cattle, which certainly are not made useful by their 
shortened faces and upturned nostrils, have been preservetl. 
The Damaras of South Africa value their cattle for uniformity 

•> ‘ The Natural History of Doo Side.’ 1855, p. 476. 

* Bull, de la Soc. d’Acclimat.,’ torn, vii., 1860, p. 457. 
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of colour and enormously long lioms. The Mongolians value 
their yaks for their white tails. And I shall now show that 
there is hardly any peculiarity in our most useful animals 
which, from fashion, superstition, or some other motive, has not 
been valued, and consequently preserved. With respect to cattle, 
“ an early record,” according to Youatt,® speaks of a hundred 
“ white cows with red ears being demanded as a compensation 
“ by the princes of North and South Wales. If the cattle were 
“ of a dark or black colour, 150 were to be presented.” So that 
colour was attended to in Wales before its subjugation by 
England. In Central Africa, an ox that beats the ground with 
its tail is killed ; and in South Africa some of the Damaras will 
not eat the flesh of a spotted ox. The Kafiirs value an animal 
with a musical voice ; and “at a sale in British Kaffraria the 
“ low of a heifer excited so much admiration that a sharp com- 
“ petition sprung up for her possession, and she realised a 
“ considerable price.” “ With respect to sheep, the Chinese 
prefer rams without horns ; the Tartars prefer them with 
spirally wound horns, because the hornless are thought to lose 
courage.® Some of the Damaras will not eat the flesh of horn- 
less sheep. In regard to horses, at the end of the fifteenth 
century animals of the colour described as liart pomme were 
most valued in France. The Arabs have a proverb, “Never 
buy a^horse >vith four white feet, for he carries his shroud with 
him ; “ the Arabs also, as we have seen, despise dun-coloured 
horses. So with dogs, Xenophon and others at an ancient 
period were prejudiced in favour of certain colours ; and “ white 
or slate-coloured hunting dogs were not esteemed.” " 

lurning to poultry, the old Homan gourmands thought that 
the hver of a white goose was the most savoury. In Paraguay 
black-skinned fowls are kept because they are thought to be 
more productive, and their flesh the most proper for invalids.® 
In Gmana, m I am informed by Sir R. Schomburgk, the 
abongmes wull not eat the flesh or eggs of the fowl, but two 
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races are kept distinct merely for ornament In the Philippines, 
no less than nine sub-yarieties of the game cock are kept and 
named, so that they must be separately bred. 

At the present time in Europe, the smallest peculiarities are 
carefully attended to in our most useful animals, either from 
fashion, or as a mark of purity of blood. Many examples could 
be given, two will suffice. “In the Western counties of England 
“ the prejudice against a white pig is nearly as strong as against 
“ a black one in Yorkshire.” In one of the Berkshire sub-breeds, 
it is said, “ the white should be confined to four white feet, 
“ a white spot between the eyes, and a few white hairs behind 
“ each shoulder.” Mr. Saddler possessed “ three hundred pigs, 
“ every one of which was marked in this manner.” * MarshfJl, 
towards the close of the last century, in speaking of a change 
in one of the Yorkshii-e breeds of cattle, says the horns have 
been considerably modified, as “ a clean, small, sharp horn has 
been fashioncMe for the last twenty years.” “ In a part of 
Germany the cattle of the Eace de Gfoehl are valued for many 
good qualities, but they must have horns of a particular curva- 
ture and tint, so much so that mechanical means are applied if 
they take a wrong direction ; but the inhabitants “ consider it 
“ of the highest importance that the nostrils of the bull should 
“ be flesh-coloured, and the eyelashes light ; this is an indis- 
“ pensable condition. A calf with blue nostrils would not be 
“ purchased, or purchased at a very low price.” ^ Therefore let 
no man say that any point or character is too trifling to bo 
methodically attended to and selected by breeders. 

Unconscious Selection. — By this term I mean, os already more 
than once explained, the preservation by man of the most valued, 
and tlie destruction of the least valued individuals, without 
any conscious intention on his part of altering the breed. It is 
difficult to offer direct proofs of the results which follow from 
this kind of selection ; but the indirect evidence is abundant. 
In fact, except that in the one case man acts intentionally, and 
in the other unintentionally, there is little difference between 

" Sidney’s edit, of Yonatt, 18C0, pp. 24, 25. 

w • Eural Economy of Yorkshire,’ vol. u. p. 182. 
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methodical and unconscious selection. In both cases man pre- 
serves the animals which are most useful or pleasing to him, 
and destroys or neglects the others. But no doubt a far more 
rapid result follows from methodical than from unconscious 
selection. The “roguing” of plants by gardeners, and the 
destruction by law in Henry VIII.’s reign of all under-sized 
mares, are instances of a process the reverse of selection in the 
ordinary sense of the word, but leading to the same general 
result. The influence of the destruction of individuals having 
a particular character is well shown by the necessity of killing 
every lamb with a trace of black about it, in order to keep the 
flock white ; or again, by the effects on the average height of 
the men of France of the destructive wars of Napoleon, by 
wliich many tall men were killed, the short ones being left to 
be the fathers of families. This at least is the conclusion of 
those who have closely studied the subject of the conscription ; 
and it is certain that since Napoleon’s time the standard for 
the army has been lowered two or three times. 

Unconscious selection so blends into methodical that it is 
scarcely jwssible to separate them. When a fancier long ago 
first happened to notice a pigeon with an unusually short beak, 
or one with the tail-feathers unusually developed, although 
he bred from these birds with the distinct intention of propa- 
gating the variety, yet he could not have intended to make a 
short-faced tumbler or a fantail, and was fer from knowing that 
he had made the first step towards this end. If he could have 
seen the final result, he would have been struck witli astonish- 
ment, but, from what we know of the habits of fanciers, probably 
not with admiration. Our English carriers, barbs, and short- 
faced tumblers have been greatly modified in the same manner, 
as we may infer both from the historical evidence given in 
the chapters on the Pigeon, and from the comparison of birds 
brought from distant countries. 

So it has been with dogs ; our present fox-hounds differ from 
the old English hound ; our greyhounds have become lighter ; 
the wolf-dog, which belonged to the greyhound class, has become 
extinct; the Scotch deer-hound has been modified, and is now 
rare. Our buUdogs differ from those which were formerly used 
for baiting bulls. Our pointers and Newfoundlands do not 

p 2 
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closely resemble any native dog now found in the countries 
whence they were brought. These changes have been effected 
partly by crosses; but in every case the result has been 
governed by the strictest selection. Nevertheless there is no 
reason to suppose that man intentionally and methodically 
made the breeds exactly what they now are. As our horses 
became fleeter, and the country more cultivated and smoother, 
fleeter fox-hounds were desired and produced, but probably 
without any one distinctly foreseeing what they would become. 
Our pointers and setters, the latter almost certainly descended 
from large spaniels, have been greatly modified in accoidanoe 
with &shion and the desire for increased speed. Wolves have 
become extinct, deer have become rarer, bulls are no longer 
baited, and the corresponding breeds of the dog have answered 
to the change. But we may feel almost sure that when, for 
instance, bulls were no longer baited, no man said to himself, I 
will now breed my dogs of smaller size, and thus create the 
present race. As circumstances changed, men unconsciously 
and slowly modified their course of selection. 

With race-horses selection for swiftness has been followed 
methodically, and our horses can now easily beat their pro- 
genitors. The increased size and different appearance of the 
English race-horse led a good observer in India to ask, “ Could 
any one in this year of 1856, looking at our race-horses, 
conceive that they were the result of the union of the Arab 
horse and the African mare ? ” ™ Tliis change has, it is probable, 
been largely effected through unconscious selection, that is, by 
the general wish to breed as fine horses as possible in each 
generation, combined with training and high feeding, but 
without any intention to give to them their present appearance- 
According to Youatt,” the introduction in Oliver Cromwell’s 
time o^ three celebrated Eastern stallions speedily affected the 
English breed; “so that Lord Harleigh, one of the old school, 
complained that the great horse was fast disappearing.” This 
is an excellent proof how carefully selection must have been 
attended to ; for without such care, all traces of so small an. 
infusion of Eastern blood would soon have been absorbed and 

n • The India Sporling Keview,’ voL ii. p. 181 ; ■ Tho Stud Form,’ by Cecil, p. 58; 

‘ The Horse,’ p. 22. 
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lost, Notwitlistauding that tlio climate of England has never 
been esteemed particularly favourable to the horse, yet long- 
continued selection, both methodical and unconscious, together 
with that practised by the Arabs during a still longer and earlier 
period, has ended in giving us the best breed of horses in the world. 
Macaulay’* remarks, “Two men whose authority on such 
“ subjects was held in great esteem, the Duke of Newcastle and 
“Sir John Fenwick, pronounced that the meanest hack ever 
“ imported from Tangier would produce a finer progeny than 
“ could be expected from the best sire of our native breed. 
“ They would not readily have believed that a time would 
“ come when the princes and nobles of neighbouring lands 
“ would be as eager to obtain horses from England as ever the 
“ English had been to obtain horses from Barbary.” 

The London dray-horse, which differs so much in appearance 
from any natural species, and which from its size has so 
astonished many Eastern princes, was probably formed by the 
heaviest and most powerful animals having been selected 
during many generations in Flanders and England, but without 
the least intention or expectation of creating a horse such as 
we now see. If we go back to an early period of history, we 
behold in the antique Greek statues, as Schaaffhausen has 
remarked,® a horse equally unlike a race or dray horse, and dif- 
fering from any existing breed. 

The results of unconscious selection, in an early stage, are 
well shown in the difference between the flocks descended from 
the same stock, but separately reared by careful breeders. 
Touatt gives an excellent instance of this fact in the sheep 
belonging to Messrs. Buckley and Burgess, wliich “ have been 
“ purely bred from the original stock of Mr. Bakewell for 
“ upwar^ of fifty years. There is not a suspicion existing in 
“ the mind of any one at all acqnainted with the subject that 
“ the owner of either flock has deviated in any one instance 
“ from the pure blood of Mr. Bakewell’s flock; yet the differ- 
“ ence between the sheep possessed by these two gentlemen 
“ is so great, that they have the appearance of being quite 
■“ different varieties. ’ I have seen several analogous and well- 
‘History of England,’ vol. i. p. 316. 

« ‘ Uebor Beslindigkeit der Alien.’ ;» Yonatt on Sheep, p. $15. 
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marked cases with pigeons : for instance, I had a family of 
barbs, descended from those long bred by Sir J. Sebright, and 
another family long bred by another fancier, and the two 

families plainly differed from each other. Nathusins and a 

more competent witness could not be cited — observes that, 
though the Shorthorns are remarkably uniform in appearance 
(except in colouring), yet that the individual character and 
wishes of each breeder become impressed on liis cattle, so that 
different herds differ slightly from each other.” The Hereford 
cattle assumed their present well-marked character soon after 
the year 3769, through careful selection by Mr. Tomkins,™ and 
the breed has lately split into two strains — one strain having 
a white face, and differing slightly, it is said,™ in some other 
points; but there is no reason to believe that this split, the 
origin of which is unknown, was intentionally made ; it may with 
much more probability be attributed to different breeders having 
attended to different points. So again, the Berkshire breed of 
swine in the year 1810 had greatly changed from what it had 
heen in 1780 ; and since 1810 at least two distinct sub-breeds 
have home this same name.* When we bear in mind how 
rapidly all animals increase, and that some must be annually 
slaughtered and some saved for breeding, then, if the same 
breeder during a long course of years deliberately settles which 
shall be saved and which shall be killed, it is almost inevitable 
that his individual frame of mind wiU influence the character 
of his stock, without his having had any intention to modify 
the breed or form a new strain. 

Unconscious selection in the strictest sense of the word, that 
is, the saving of the more useful animals and the neglect or 
slaughter of the less useful, without any thought of the future, 
must have gone on occasionally from the remotest period and 
amongst the most barbarous nations. Savages often suffer from 
famines, and are sometimes expelled by war from their own 
homes. In such cases it can hardly be doubted that they 
would save their most useful animals. When the Fuegians 

” • TJebep Shorthorn Biudvieh.’ 1857. , n ‘ Quarterly Heviow,’ 1849. p. 392. 

• *H. von Nothusiua, •Vorstudien 

■» Low, ‘ Domesticated Animals,’ .... Sdiwcincschlidel,’ 1864. s. 140. 
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are hard pressed by waut, they kill their old women for food 
rather than their dogs ; for, as we were assured, “ old women no 
use— dogs catch otters.” The same sound sense would surely 
lead them to preserve their more useful dogs when still harder 
pressed by famine. Mr. Oldfield, who has seen so much of the 
aborigines of Australia, informs me that “they are all very 
glad to get a European kangaroo dog, and several instances 
have been known of the father killing his own infant that the 
mother might suckle the much-prized puppy.” Different kinds 
of dogs would be useful to the Australian for hunting opossums 
and kangaroos, and to the Fuegian for catching fish and otters ; 
and the occasional preservation in the two countries of the most 
useful animals would ultimately lead to the formation of two 
widely distinct breeds. 

With plants, from the earliest dawn of civilisation, the best 
variety which at each period was known would generally have 
been cultivated and its seeds occasionally sown ; so that there 
will have been some selection from an extremely remote 
period, but without any prefixed standard of excellence or 
thought of the future. We at the present day profit by a course 
of selection occasionally and unconsciously carried on during 
thousands of years. This is proved in an interesting manner 
by Oswald Heer’s researches on the lake-inhabitants of Switzer- 
land, as given in a former chapter ; for ho shows that the grain 
and seed of our present varieties of wheat, barley, oats, peas, 
beans, lentils, and poppy, exceed in size those which were culti- 
vated in Switzerland during the Neolithic and Bronze periods. 
These ancient people, during the Neolithic period, possessed also 
a crab considerably larger than that now growing wild on the 
Jura.®' The pears described by Pliny were evidently extremely 
inferior in quality to our present pears. We can realise the effects 
of long-continued selection and cultivation in another way, for 
would any one in his seuses expect to raise a first-rate apple from 
the seed of a truly wild crab, or a luscious melting pear from 
the wild pear ? Alphonse De Candolle informs me that he has 
lately seen on an ancient mosaic at Rome a representation of 

« See also Dr. Cljrist, in ‘Biitimcy.i's Pfahlbanten,’ 1861, «. 226. 
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the melon ; and as the Romans, who were such gourmands, are 
silent on tliis fruit, he infers that the melon has been greatly 
ameliorated since the classical period. 

Coming to later times, Buffon,® on comparing the flowers, 
fruit, and vegetables which were then cultivated, witli some 
excellent drawings made a hundred and fifty years previously, 
was struck with surprise at the great improvement which had 
been effected ; and remarks that these ancient flowers and 
vegetables would now be rejected, not only by a florist but by 
a village gardener. Since the time of Buffon the work of 
improvement has steadily and rapidly gone on. Every florist 
who compares our present flowers with those figured in books 
published not long since, is astonished at the change. A well- 
known amateur,® in speaking of the varieties of Pelaigonium 
raised by Mr. Garth only twenty-two years before, remarks, 
“ what a rage they excited : surely we had attained perfection, 
“ it was said ; and now not one of the flowers of those days 
“ will be looked at. But none the less is the debt of gratitude 
“ which we owe to those who saw what was to be done, and did 
“ it.” Mr. Paul, the well-known horticulturist, in writing of the 
same flower,® says he remembers when young being delighted 
with the portraits in Sweet’s work ; “ but what are they in point 
“ of beauty compared with the Pelargoniums of this day? Here 
“ again nature did not advance by leaps ; the improvement 
“ was gradual, and, if we had neglected those very gradual 
“ advances, we must have foregone the present grand results.” 
How well this practical horticulturist appreciates and illustrates 
the gradual and accumulative force of selection 1 The Dahlia 
has advanced in beauty in a like manner; the line of improve- 
ment being guided by fashion, and by the successive modifica- 
tions which the flower slowly underwent.® A steady and gradual 
change has been noticed in many other flowers : thus an old 
florist,® after describing the leading varieties of the Pink which 
were grown in 1813, adds, “ the pinks of those days would now 
“ be scarcely grown as border-flowers.” The improvement of 



^ Tho passage is given ‘Bull. See. 
d»Acclimat,’ 1858, p. 11. 

“ ‘ Journal of Horticulture,’ 18C2, p. 
3&4. 

* Gardener's Chronicle/ 1857, p. 85. 



■« See Mr. W'ildman’s address to the 
Floricult. Soc., in 'Gardener’s Chro* 
nicle/ 1843, p. 86. 

** 'Journal of Horticulture/ Oct. 
24Ui, 1865, p. 239. 
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60 many flowers and the number of the varieties wliich have 
been raised is all the more striking when we hear that the 
earliest known flower-garden in Europe, namely at Padua, dates 
only from the year 1545." 

Effects of Selection, as shown ly the parts most valued by man 
presenting the greatest amount of Bifference—Uho power of long- 
continued selection, whether methodical or unconscious, or both 
combined, is well shown in a general way, namely, by the 
comparison of the differences between the varieties of distinct 
species, which are valued for different parts, such as for the 
leaves, or stems, or tubers, the seed, or fruit, or flowers. What- 
ever part man values most, that part will be found to present the 
greatest amount of difference. With trees cultivated for their 
fruit, Sageret remarks that the fruit is larger than in the parent- 
species, whilst with those cultivated for the seed, as with nuts, 
walnuts, almonds, chesnuts, &c., it is the seed itself which is 
larger ; and he accounts for this fact by the fruit in the one case, 
and by the seed in the other, having been carefully attended to 
and selected during many ages. Gallesio has made the same 
observation. Godron insists on the diversity of the tuber in 
the potato, of the bulb in the onion, and of the fruit in the 
melon; and on the close similarity in these same plants of 
the other parts." 

In order to judge how far my own impression on this subject 
was correct, I cultivated numerous varieties of the same species 
close to each other. The comparison of the amount of dif- 
ference between widely different organs is necessarily vague ; 
I will therefore give the results in only a few cases. We liave 
previously seen in the ninth chapter how greatly the varieties 
of the cabbage differ in their foliage and stems, which are the 
selected parts, and how closely they resemble each other in their 
flowers, capsules, and seeds. In seven varieties of the radish, 
the roots differed greatly in colour and shape, but no difference 



® Prescott's ‘Hist, of Mexico,' Tol. 
it p. Cl. 

** Sogeret, ■ Pomologie Pliysioio- 
giqne,’ 1830, p. 47 : {isllesio, ‘ Teoria 
della Bipr^uzione,’ 1816, p. 88 ; 
tsodron, ‘ Do I'Espiscc,' 1853, tom. ii. pp. 



(i3. 67, 70. In my tenth and cloTcnth 
cliapters I have given details on the 
potato; and I can confirm similar re- 
marks with respect to the onion. I have 
also shown how ihr Naudin conenis 
in regard to the varieties of the melon. 
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whatever could be detected in their foliage, flowers, or seeds 
Now what a contrast is presented, if we compare the flowers of 
the varieties of these two plants with those of any species culti- 
vated in our flower-gardens for ornament; or if we compare 
their seeds with those of the varieties of maize, peas, beans, &c. 
which are valued and cultivated for their seeds. In the ninth 
chapter it was shown that the varieties of the pea differ but 
little except in the tallness of the plant, moderately in the shape 
of the pod, and greatly in the pea itself, and these are all selected 
points. The varieties, however, of the Pots sans parchmin 
differ much more in their pods, and these are eaten and valued. 
I cultivated twelve varieties of the common bean ; one alone, 
the Dwarf Fan, differed considerably in general appearance; 
two differed in the colour of their flowers, one being an albino 
and the other being wholly instead of partially purple ; several 
differed considerably in the shapie and size of the pod, but far 
mdre in the bean itself, and this is the valued and selected part. 
Toker’s bean, for instance, is twice-and-a-half as long and broad 
as the horse-bean, and is much thinner and of a different shape. 

The varieties of the gooseberry, as formerly described, difter 
much in their fruit, but hardly perceptibly in their flowers or 
organs of vegetation. With the plum, the differences likewise 
appear to be greater in the fruit than in the flowers or leaves. 
On the other hand, the seed of the strawberry, which corre- 
sponds with the fruit of the plum, differs hardly at all ; whilst 
every one knows how greatly the fruit — that is, the enlarged 
receptacle — differs in the several varieties. In apples, pears, 
and peaches the flowers and leaves differ considerably, but not, 
ns far as I can judge, in proportion mth the fruit. The Chinese 
douhle-flowering peaches, on the other hand, show that varieties 
of this tree have been formed, which differ more in the flower 
than in fruit. If, as is highly probable, the peach is the modi- 
fied descendant of the almond, a surprising amount of change 
has been effected in the same species, in the fleshy covering of 
the former and in the kernels of the latter. 

When parts stand in such close relation to each other as the 
fleshy covering of the fruit (whatever its homological nature may 
he) and the seed, when one part is modified, so generally is the 
other, but by no means necessarily in the same degree. With 
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the plum-tree, for instance, some Tarieties produce plums which 
are nearly alike, but include stones extremely dissimilar in 
shape ; whilst conversely other varieties produce dissimilar fniit 
with barely distinguishable stones ; and generally the stones, 
though they have never been subjected to selection, differ greatly 
in the several varieties of the plum. In other cases organs 
which are not manifestly related, through some unknown bond 
vary together, and are consequently liable, without any inten- 
tion on man’s part, to be simultaneously acted on by selection. 
Thus the varieties of the stock (Matthiola) have been selected 
solely for the beauty of their flowers, but the seeds differ 
greatly in colour and somewhat in size. Varieties of the 
lettuce have been selected solely on account of their leaves, 
yet produce seeds which likewise differ in colour. Generally, 
through the law of correlation, when a variety differs greatly 
from its fellow-varieties in any one character, it differs to a 
certain extent in several other characters. I observed this fact 
when I cultivated together many varieties of the same species, 
for I used first to make a list of the varieties which differed 
most from each other in their foliage and manner of growth, 
afterwards of those that differed most in their flowers, then in 
their seed-capsules, and lastly in their mature seed ; and I found 
that tlio same names generally occurred in two, three, or four 
of the successive lists. Nevertheless the greatest amount of 
difference between the varieties was always exhibited, as far as 
I could judge, by that part or organ for which the plant was 
cultivated. 

When we bear in mind that each plant was at first cultivated 
because useful to man, and that its variation was a subsequent, 
often a long subsequent, event, we cannot explain the greater 
amount of diversity in the valuable parts by supposing that 
species endowed with an especial tendency to vary in any 
particular manner, were originally chosen. We must attribute 
the result to the variations in these parts having been succes- 
sively preserved, and thus continually augmented ; whilst other 
variations, excepting such as inevitably appeared tlu-ough corre- 
lation, were neglected and lost. Hence we may infer that most 
plants might be made, through long-continued selection, to 
yield races as different from each other in any character 
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as they now are in those parts for which they are valued aud 
cultivated. 

With animals we see something of the same kind ; but thev 
have not been domesticated in sufficient number or yielded 
sufficient varieties for a fair comparison. Sheep are valued for 
their wool, and the wool differs much more in the several races 
than the hair in cattle. Neither sheep, goats, European cattle, 
nor pigs are valued for their fleetness or strength ; and we do 
not possess breeds differing in these respects like the race-horse 
and dray-horse. But fleotness and strength are valued in 
camels and dogs ; and we have with the former the swift dro- 
medary and heavy camel ; with the latter the greyhound and 
mastiff. But dogs are valued even in a higher degree for their 
mental qualities and senses'; and every one knows how greatly 
the races differ in these respects. On the other hand, where the 
dog is valued solely to serve for food, as in the Polynesian islands 
and China, it is described as an extremely stupid animaL® 
Blumenbach remarks that “many dogs, such as the badge> 
“ dog, have a build so marked and so appropriate for particular 
“purposes, that I should find it very difficult to jrersuade myself 
“ that this astonishing flgure was an accidental consequence of 
“ degeneration.” “ But had Blumenbach reflected on the groat 
principle of selection, he would not have used the term degene- 
ration, and he would not have been astonished that dogs and 
other animals should become excellently adapted for the service 
of man. 

On the whole we may conclude that whatever part or cha- 
racter is most valued — whether the leaves, stems, tubers, bulbs, 
flowers, fruit, or seed of plants, or the size, strength, fleetness, 
hairy covering, or inteUect of animals— that character will almost 
invariably be found to present the greatest amount of difference 
both in kind and degree. And this result may be safely attributed 
to man having preserved during a long course of generations the 
variations which were useful to him, and neglected the others. 

I will conclude this chapter by some remarks on an im- 
portant subject. ' With animals such as the giraffe, of which 

" Oodron, ‘ De TEsp^,’ tom. ii. p. 27. 

•" ‘ Tlic Anthropological Treatises of Blnmcubach,’ 18W, p. 292. 
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the whole structure is admirably co-ordinated for certain pur- 
poses, it has been supposed that all the parts must have been 
simultaneously modified ; and it has been argued that, on the 
principle of natural selection, this is scarcely possible. But in 
thus arguing, it has been tacitly assumed that the variations must 
have been abrupt and great Ko doubt, if the neck of a ruminant 
were suddenly to become greatly elongated, the fore limbs and 
back would have to be simultaneously strengthened and modified ; 
but it cannot be denied that an animal might have its neck, or 
head, or tongue, or fore-limbs elongated a very little without 
any corresponding modification in other parts of the body ; and 
animals thus slightly modified would, during a dearth, have a 
slight advantage, and be enabled to browse on higher twigs, and 
thus survive. A few mouthfuls more or less every day would 
make all the difference between life and death. By the repeti- 
tion of the same process, and by the occasional intercrossing 
of the survivors, there would be some progress, slow and fluc- 
tuating though it would be, towards the admirably co-ordinated 
structure of the giraffe. If the short-faced tumbleivpigeon, with 
its small conical beak, globular head, rounded body, short wings, 
and small feet — characters which appear all in harmony — had 
been a natural species, its whole structure weuld have been 
viewed as well fitted for its life ; but in this case we know that 
inexperienced breeders are urged to attend to point after point, 
and not to attempt improving the whole structure at the same 
time. Look at the greyhound, that perfect image of grace, 
symmetry, and vigour ; no natural species can boast of a more 
admirably co-ordinated structure, with its tapering head, slim 
body, deep chest, tucked-up abdomen, rat-like tail, and long 
muscular limbs, all adapted for extreme fleetness, and for 
running down weak prey. Now, from what we see of the 
variability of animals, and from what we know of the method 
which different men follow in improving their stock — some chiefly 
attending to one point, others to another point, others again 
correcting defects by crosses, and so forth — wo may feel assured 
that if we could see the long line of ancestors of a first-rate 
greyhound, up to its wild wolf-like progenitor, we should behold 
an infinite number of the finest gradations, sometimes in one 
character and sometimes in another, but all leading towards our 
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present perfect type. By small and doubtful steps such as these 
nature, as we may confidently believe, has progressed on her 
grand march of improvement and development. 

A similar line of reasoning is as applicable to separate organs 
as to the whole organisation. A writer ” has recently maintained 
that “ it is probably no exaggeration to suppose that, in order to 
“ improve such an organ as the eye at all, it must be improved 
“ in ten different ways at once. And the improbability of any 
“ complex organ being produced and brought to perfection in 
“ any such way is an improbability of the same kind and degree 
“ as that of producing a poem or a mathematical demonstration 
“ by throwing letters at random on a table.” If the eye were 
abruptly and greatly modified, no doubt many parts would have 
to be simultaneously altered, in order that the organ should 
remain serviceable. , 

But is this the case with smaller changes? There are 
persons who can see distinctly only in a dull light, and this 
condition depends, I believe, on the abnormal sensitiveness of 
the retina, and is known to be inherited. Now, if a bird, for 
instance, received some great advantage from seeing well in 
the twilight, all the individuals with the most sensitive retina 
would succeed best and be the most likely to survive ; and why 
should not all those which happened to have the eye itself a 
little larger, or the pupil capable of greater dilatation, be likewise 
preserved, whether or not these modifications were strictly simul- 
taneous ? These individuals would subsequently intercross and 
blend their respective advantages. By such slight successive 
changes, the eye of a diurnal bird would be brought into the 
condition of that of an owl, which has often been advanced as 
an excellent instance of adaptation. Short-sight, which is often 
inherited, permits a person to see distinctly a minute object at so 
near a distance that it would be indistinct to ordinary eyes ; and 
here we have a capacity which might be serviceable under cer- 
tain conditions, abruptly gained. The Fuegians on board the 



Mr. J. J. Murphy in his opening 
address to the Belfast Nat. Hist. Soc., 
as given in the Belfast Northern Whig, 
Nov. 19, 1866. Mr. Murphy here fol- 
lows the line of argument against my 
views previously and more cautiously 
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Boagle could certainly see distant objects more distinctly than 
our sailors with all their long practice ; I do not know whether 
this depends on nervous sensitiveness or on the jxjwer of 
adjustment in the focus; but this capacity for distant vision 
might, it is probable, be slightly augmented by successive modi- 
fications of either kind. Amphibious animals, which are enabled 
to see both in the water and in the air, require and possess, as 
ai. Plateau has shown,” eyes constructed on the following plan : 
“ the cornea is always flat, or at least much flattened in front of 
“ the crystalline and over a space equal to the diameter of that 
“ lens, whilst the lateral portions may be much curved.” The 
crystalline is very nearly a sphere, and the humours have nearly 
the same density as water. Now, as a terrestrial animal slowly 
became more and more aquatic in its habits, very slight changes, 
first in the curvature of the cornea or crystalline, and then in 
the density of the humours, or conversely, might successively 
occur, and would be advantageous to the animal whilst under 
water, without serious detriment to its power of vision in the air. 
It is of course impossible to conjecture by what steps the fun- 
damental structure of the eye in the Vertebrata was originally 
acquired, for we know absolutely nothing about this, organ in 
the first progenitors of the class. With respect to the lowest 
animals in the scale, the transitional states through which the 
eye at first probably passed, can by the aid of analogy be indi- 
cated, as 1 have attempted to show in my ‘ Origin of Species.’” 

« On the Vision of Fishes and Amphibia, translated in ‘ Annals and Mag. of 
Nat. Hist,’ Yol. XYiii., 1806, p. 409. »> Fourth edition, 1800, p. 215. 
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CHAPTER XXL 

SELECTION, continued. 




Natural Selection, or the Survival of the Fittest, as affecting 
domestic productions. — We know little on this head. But as 
animals kept by savages have to provide their own food, 
either entirely or to a large extent, throughout the year, it 
can hardly be doubted that, in different countries, varieties dif- 
fering in constitution and in various characters would succeed 
best, and so be naturally selected. Hence perhaps it is that the 
few domesticated animals kept by savages partake, as has been 
remarked by more than one writer, of the wild appearance of 
their masters, and likewise resemble natural species. Even in 
long-civilised countries, at least in the wilder parts, natural 
selection must act on our domestic races. It is obvious that 
varieties, having very different habits, constitution, and struc- 
ture, would succeed best on mountains and on rich lowland 
pastures. For example, the improved Leicester sheep were 
formerly taken to the Lammermuir Hills ; but an intelligent 
sheep-master reported that “our coarse lean pastures were 
“ unequal to the task of supporting such heavy-bodied sheep ; 
“ and they gradually dwindled away into less and less bulk : 
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“ each generation was inferior to the preceding one ; and when 
“the spring was severe, seldom more than two-thirds of the 
“ lambs- survived the ravages of the storms.”' So with the 
mountain cattle of North Wales and the Hebrides, it has been 
found that they could not withstand being crossed with the larger 
and more delicate lowland breeds. Two French naturalists, in 
describing the horses of Circassia, remark that, subjected as 
they are to extreme vicissitudes of climate, having to search 
for scanty pasture, and exposed to constant danger from wolves, 
the strongest and most vigorous alone survive.’ 

Every one must have been struck with the surpassing grace, 
strength, and vigour of the Game-cock, with its bold and con- 
fident air, its long, yet firm neck, compact body, powerful and 
closely pressed wings, muscular thighs, strong beak massive at 
the base, dense and sharp spurs set low on the legs for 
delivering the fatal blow, and its compact, glassy, and mail-liko 
plumage serving as a defence. Now the English game-cock has 
not only been improved during many years by man’s careful 
selection, but in addition, as Sir. Tegetmeier has remarked,’ by 
a kind of natural selection, for the strongest, most active and 
courageous birds have stricken down their antagonists in the 
cockpit, generation after generation, and have subsequently 
served as the progenitors of their kind. 

In Great Britain, in former times, almost every district had 
its own breed of cattle and sheep; “they were indigenous to 
“ the soil, climate, and pasturage of the locality on which they 
“ grazed : they seemed to have been formed for it and by it.”* 
But in this case wo are quite unable to disentangle the effects 
of the direct action of the conditions of life, — of use or habit — of 
uatmal selection — and of that kind of selection which we have 
seen is occasionally and unconsciously followed by man even 
during the rudest periods of history. 

Let us now look to the action of natural selection on special 
characters. Although nature is difficult to resist, yet man often 
strives against her power, and sometimes, as wo shall see, with 
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success. From the facts to be given, it will also be seen that 
natural selection would powei-fiilly affect many of our domestic 
productions if left unprotected. This is a point of much 
interest, for we thus learn that differences apparently of very 
slight importance would certainly determine the survival of 
a form when forced to struggle for its own existence. It may 
have occurred to some naturalists, as it formerly did to me, 
that, though selection acting under natural conditions would 
determine the structure of all important organs, yet that it 
could not affect characters which are esteemed by us of little 
importance; hut this is an error to which we are eminently 
liable, from our ignorance of what characters are of real value 
to each living creature. 

When man attempts to breed an animal with some serious 
defect in structure, or in the mutual relation of parts, he will 
either partially or completely fail, or encounter much difficulty ; 
and tins is in fact a form of natural selection. We have 
seen that the attempt was once made in Yorkshire to breed 
cattle with enormous buttocks, but the cows perished so often 
in bringing forth their calves, that the attempt had to bo given 
up. In rearing short-faced tumblers, Mr. Eaton says,’ “I am 
“ convinced that better head and beak birds have perished in 
“ the shell than ever were hatched ; the reason being that the 
“ amazingly short-faced bird cannot reach and break the shell 
“ with its beak, and so perishes.” Here is a more curious case, 
in which natural selection comes into play only at long intervals 
of time : during ordinary seasons the Niata cattle can graze as 
well as others, but occasionally, as from 1827 to 1830, the plains 
of La Plata suffer from long-continued droughts and the pasture 
is burnt up ; at such times common cattle and horses perish by 
the thousand, but many survive by browsing on twigs, reeds, &c. ; 
this the Niata cattle cannot so well effect from their upturned 
jaws and the shape of their lips ; consequently, if not attended 
to, they perish before the other cattle. In Colombia, accord- 
ing to Eoulin, there is a breed of nearly hairless cattle, called 
Pelones; these succeed in their native hot district, but are found 
too tender for the Cordillera; in this case, natural selection 

‘ ‘Treatise on the Almond Tomhler,’ 1851, p. S3. 
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determines only the range of the variety. It is obvious that a 
host jof artificW races could never survive in a state of nature ; 
— such as Italian greyhounds, — hairless and almost toothless 
Turkish dogs, — fantail pigeons, which cannot fly well against a 
strong wind,— barbs with their vision impeded by their eye- 
wattle, — Polish fowls with their vision impeded by their great 
topknots, — hornless bulls and rams which consequently cannot 
cope with other males, and thus have a poor chance of leaving 
ofispring, — seedless plants, and many other such cases. 

Colour is generally esteemed by the systematic naturalist as 
unimportant ; let us, therefore, see how far it indirectly affects 
our domestic productions, and how far it would affect them if 
they were left exposed to the full force of natural selection. In 
a future chapter I shall have to show that constitutional pecu- 
liarities of the strangest kind, entailing liability to the action 
of certain poisons, are correlated with the colour of the skin. 
I will here give a single case, on the high authority of Professor 
Wyman ; he informs me that, being surprised at all the pigs in 
a part of Virginia being black, he made inquiries, and ascer- 
tained that these animals feed on the roots of the Lachmnthea 
Undoria, which colours their bones pink, and, excepting in the 
case of the black varieties, causes the hoofe to drop off. Hence, 
as one of the squatters remarked, “ we select the black members 
of the litter for raising, as they alone have a good chance of 
living.” So that here we have artificial and natural selection 
working hand in hand. I may add that in the Tarentino the 
inhabitants keep black sheep alone, because the Hypericum 
erkpum abounds there ; and this plant does not injure black 
sheep, but kills the white ones in about a fortnight’s time." 

Complexion, and liability to eertain diseases, are believed 
to run together in man and the lower animals. Thus white 
terriers suffer more than terriers of any other colour from the 
fatal Distemper.’ In North America plum-trees are liable to 
a disease which Downing* beHeves is not caused by insects; 
the kinds bearing ptuple fruit are most affected, « and we have 
“never known the green or yellow fruited varieties infected 



• Dr. Henainger, ‘ Wochcnschrifl fur 
die Heilkunde,’ Berlin, 1846, ». 279. 

’ Youatt on the Dog, p. 232. 



* ‘TheFmit-treesof America,’ 1845, 
P- 270 : for peaches, p. 466. 
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“ until the other sorts had first become filled with the knots.” 
On the other band, peaehes in North America suffer much 
from a disease called the yeUowt, which seems to be peculiar 
to tliat continent, and “ more than nine-tenths of the victims, 
“when the disease first appeared, were the yellow-fleshed 
“peaches. The white-fleshed kinds are much more rarely 
“ attacked ; in some parts of the country never.” In Mauritius, 
tlie white sugar-canes have of late years been so severely 
attacked by a disease, that many planters have been compelled 
to give up growing this variety (although fresh plants were 
imported from China for trial), and cultivate only red canes.* 
Now, if these plants had been forced to struggle with other 
competing plants and enemies, there cannot be a doubt that the 
colour of the flesh or skin of the fruit, unimportant as these 
characters are considered, would have rigorously determined their 
existence. 

Liability to the attacks of parasites is also connected with 
colour. It appears that white chickens are certainly more sub- 
ject than dark-coloured chickens to the ga^es, which is caused 
by a parasitic worm in the trachea.** On the other hand, 
experience has shown that in France the caterpillars which 
pr^uce white cocoons resist the deadly fungus better than 
those producing yeUow cocoons.*' Analogous facts have been 
observed with plants : a new and beautiful white onion, imported 
from France, though planted close to other kinds, was alone 
attacked by a parasitic fungus.'* White verbenas are especially 
liable to mildew.'* Near Malaga, during an early period of the 
vine-disease, the green sorts suffered most ; “ and red and black 
grapes, even when interwoven with the sick plants, suffered not 
at aU.” In France whole groups of varieties were compara- 
tively free, and others, such as the Chasselas, did not afford a 
single fortunate exception; but I do not know whether any 
correlation between colour and liability to disease was here 
observed.'* In a former chapter it was shown how curiously 
liable one variety of the strawberry is to mildew. 

> -Proc. Royal Soo. of Arts and ^‘Gatdencr’aChronicIe.’lSSl.p.SSS. 
Bcioncca of Mauritius,’ 1852, p. csxxv. ‘ Journal of Uorticulturo,’ 1862, p. 

•» ‘ Gardcner’aClironicle,’ 1856, p. 379. 476. 

" Quatrefages, ' Maladies Actuelles “ ‘ Gardener’s Clironiele,’ 1852, pp. 
du Ver a Soie,’ 1859, pp. 12, 214. 435, 601. 
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It is certain that insects regulate in many cases the range 
and even the existence of the higher animals, whilst living 
under their natural conditions. Under domestication light- 
coloured animals suffer most: in Thuringia'* the inhabitants do 
not like grey, white, or pale cattle, because they are much more 
troubled by various kinds of flies than the brown, red, or black 
cattle. An Albino negro, it has been remarked,'* was peculiarly 
sensitive to the bites of insects. In the West Indies" it is 
said that “ the only homed cattle fit for work are those which 
“ have a good deal of black in them. The white are terribly 
“ tormented by the insects ; and they are weak and sluggish in 
proportion to the white.” 

In Devonshire there Js a prejudice against white pigs, because 
it is believed that the sun blisters them when turned out;'* and 
I knew a man who would not keep white pigs in Kent, for the 
same reason. The scorching of flowers by the sun seems like- 
wise to depend much on colour ; thus, dark pelargoniums suffer 
most ; and from various accounts it is clear that the cloth-of-gold 
variety will not withstand a degree of exposure to sunshine 
which other varieties enjoy. Another amateur asserts that not 
only all dark-coloured verbenas, but likewise scarlets, suffer 
from the sun ; “ the paler kinds stand better, and pale blue is 
perhaps the best of all.” So again with the heartsease (Viola 
iriedor ) ; hot weather suits the blotched sorts, whilst it destroys 
the beautiful markings of some other kinds.'* During one 
extremely cold season in Holland all red-flowered hyacinths 
were observed to be very inferior in quality. It is believed 
by many agriculturists that red wheat is hardier in northern 
climates than white wheat.** 

With animals, white varieties from being conspicuous are the 
most liable to be attacked by beasts and birds of prey. In 
parts of Franco and Germany where hawks abound, persons are 
advised not to keep white pigeons ; for, as Parmentier says, “ it 

** * Bcchstcin, * Natargeach. Dei 
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is certain that in a flock the white always first fall victims to 
the kite.” In Belgium, where so many societies have been esta- 
blished for the flight of carrier-pigeons, white is the one colour 
which for the same reason is disliked.^' On the other hand it 
is said that the sea-eagle {Faleo (mifragua, Linn.) on the west 
coast of Ireland picks out the black fowls, so that “ the vil- 
lagers avoid as much as possible rearing birds of that colour.” 
M. Daudin,® speaking of white rabbits kept in warrens in 
Bussia, remarks that their colour is a great disadvantage, as 
they are thus more exposed to attack, and can be seen during 
bright nights from a distance. A gentleman in Kent, who failed 
to stock his woods with a nearly white and hardy kind of rabbit, 
accounted in the same manner for their early disappearance. 
Any one who will watch a white cat prowling after her prey 
will soon perceive under what a disadvantage she lies. 

The white Tartarian cherry, “owing either to its colour being 
so much like that of the leaves, or to the fi-uit always appearing 
from a distance unripe,” is not so readily attacked by birds 
as other sorts. The yellow-fruited raspberry, which generally 
comes nearly true by seed, “ is very little molested by birds, 
who evidently are not fond of it; so that nets may be disused 
with in places where nothing else will protect the red fiuit.”“ 
This immunity, though a benefit to the gardener, would be a 
disadvantage in a state of nature both to the cherry and 
raspberry, as their dissemination depends on birds. I noticed 
during several winters that some trees of the yellow-berried 
holly, which were raised from seed from a wild tree found by 
my father, remained covered with fruit, whilst not a scarlet 
berry could be seen on the adjoining trees of the. common kind. 
A friend informs me that a mountain-ash {Pyrua aueuparia) 
growing in his garden bears berries which, though not difierently 
coloured, are always devoured by birds before those on the other 
trees. This variety of the mountain-ash would thus be more 
freely disseminated, and the yellow-berried variety of the holly 
less freely, than the common varieties of these two trees. 



\V. B. Tegctmeier, ‘The Field,’ 
Feb. 25, 1865. With respect to black 
fowls, see a quotation in Thompson’s 
• Nat. Hist, of Ireland,’ 1849, Tol. i. p. 22. 
^ ‘ Bull, dejla Soc. d'Acebmat.,’ tom. 



vii., I860, p. 359. 

“ ‘ Tnumact Hort. Soc.,’ vol. i. 2nd 
series, 1835, p. 275. For raspberries, 
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1863, p. 245. 
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Independently of colour, other trifling differences are some- 
times found to be of importanee to plants under cultivation, and 
would be of paramount importance if they bad to fight their 
own battle and to struggle with many competitors. The thin- 
shelled peas, called pois sans parehemin, are attacked by birds,** 
much more than common peas. On the other hand, the 
purple-podded pea, which has a hard shell, escaped the attacks 
of tomtits {Pams major) in ray garden far better than any other 
kind. The thin-shelled walnut likewise suffers greatly from 
the tomtit.** These same birds have been observed to pass over 
and thus favoim the filbert, destroying only the other kinds of 
nuts which grew in the same orchard.** 

Certain varieties of the pear have soft bark, and these suffer 
severely from boring wood-beetles ; whilst other varieties are 
known to resist their attacks much better.*' In North America 
the smoothness, or absence of down on the fruit, makes a great 
difference in the attacks of the weevil, “ which is the uncom- 
promising foe of all smooth stone-fruits;” and the cultivator 
“ has the frequent mortification of seeing nearly all, or indeed 
often the whole crop, fall from the trees when half or two-thirds 
grown.” Hence the nectarine suffers more than the peach. A par- 
ticular variety of the Morello cherry, raised in North America, is 
without any assignable cause more liable to be injured by this 
same insect than other cherry-trees.** From some unknown cause, 
the Winter Majetin apple enjoys the great advantage of not being 
infested by the coccus. On the other hand, a particular case 
has been recorded in which aphides confined themselves to the 
Winter Nelis pear, and touched no other kind in an extensive 
orchard.** The existence of minute glands on the leaves of 
peaches, nectarines, and apricots, would not be esteemed by 
botanists as a character of the least importance, for they are 
present or absent in closely-related sub-varieties, descended from 
the same parent-tree; yet there is good evidence** that the 
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absence of glands leads to mildew, which is highly injurious to 
these trees. 

A difference either in flavour or in the amount of nutriment 
in certain varieties causes them to be more eagerly attacked by 
varions enemies than other varieties of the same species. Bull- 
finches (Pyrrhula vulgaris) injure our fruit-trees by devouring 
the flower-buds, and a pair of these birds have been seen “ to 
denude a large plum-tree in a couple of days of almost every 
bud;” but certain varieties” of the apple and thorn {Cratagus 
oxijaeaniha) are more especially liable to be attacked. A striking 
instance of this was observed in Mr. Rivers’s garden, in which 
two rows of a particular variety of plum” had to be care- 
fully protected, as they were usually stripped of all their buds 
during the winter, whilst other sorts growing near them escaped. 
The root (or enlarged stem) of Laing’s Swedish turnip is pre- 
ferred by hares, and therefore sufiers more than other varieties. 
Hares and rabbits eat down common rye before St. John’s- 
day-rye, when both grow together.® In the South of France, 
when an orchard of almond-trees is formed, the nuts of the bitter 
variety are sown, “ in order that they may not be devoured by 
field-mice ; so we see the use of the bitter principle in almonds. 

Other slight differences, which would be thought quite unim- 
portant, are no doubt sometimes of great service both to plants 
and ammals. The Whitesmith’s gooseberry, as formerly stated, 
produces its leaves later than other varieties, and, as the flowers 
are thus left unprotected, the fniit often fails. In one variety 
of the cherry, according to Mr. Rivers,® the j)etals are much 
curled backwards, and in consequence of this the stigmas were 
observed to be killed by a severe frost ; whilst at the same time, 
in another variety with incurved petals, the stigmas were not in 
the least injured. The straw of the Fenton wheat is remark- 
ably unequal in height; and a competent observer believes 
that this variety is highly productive, partly because the ears,, 
from being distributed at various heights above the ground. 



Mr. Selby, in ‘Mag. of Zoology 
and Botany,’ Edinburgh, vol. ii., 1888, 
p. .m 

^ The Heine Cknde do Bavay, 
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18G4, p. 511, 



” Mr. Puaey, in ‘Journal of R. 
Agricult. Soc.,’ vol. vi. p. 179. For 
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are less crowded together. The same observer maintains that 
in the upright varieties the divergent awns are serviceable by 
breaking the shocks when the ears are dashed together by the 
wind.* If several varieties of a plant are grown together, and 
the seed is indiscriminately harvesteil, it is clear that the 
hardier and more productive kinds will, by a sort of natural 
selection, gradually prevail over the others ; this takes place, as 
Colonel Le Couteur believes,* in our wheat-fields, for, as for- 
merly shown, no variety is quite uniform in character. The 
same thing, as I am assured by nurserymen, would take place 
in our flower-gardens, if the seed of the different varieties were 
not separately saved. When the eggs of the wild and tame 
duck are hatched together, the young wild ducks almost inva- 
riably perish, from being of smaller size and not getting their 
fair sliare of food.® 

Facts in sufficient number have now been given showing that 
natural selection often checks, but occasionally favours, man’s 
power of selection. These facts teach us, in addition, a valuable 
lesson, namely, that we ought to be extremely cautious in 
judging what characters are of importance in a state of nature 
to animals and plants, which have to struggle from the hour of 
their birth to that of their death for existence, — their existence 
depending on conditions, about which we are profoundly ignorant. 

Cireumiianees favourable to Selection hy Man. 

The possibility of selection rests on variability, and this, as 
wo shall see in the following chapters, mainly depends on 
changed conditions of life, but is governed by infinitely complex, 
and, to a great extent, unknown laws. Domestication, even 
when long continued, occasionally causes but a small amount 
of variability, as in the case of the goose and turkey. The 
slight differences, however, which characterise each individual 
animal and plant would in most, probably in all cases, suffice 
for the production of distinct races through careful and pro- 
longed selection. We see what selection, though acting on mere 
individual differences, can effect when families of cattle, sheep, 

“ ‘ Gardener’s Chronicle,’ I8G2, pp. 820, 821. 

V * On the Varieties of Wheat,’ p. 51). 

» Mr, Hewitt and others, in ‘ Jonmal of Hort..’ 18G2, p. 773. 
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pigeons, &c., of the same race, have been separately bred during 
a number of years by different men without any wish on their 
part to modify the breed. We see the same fact in the differ- 
ence between hounds bred for hunting in different districts,” 
and in many other such cases. 

In order that selection should produce any result, it is 
manifest that the crossing of distinct races must be prevented ; 
hence facility in pairing, as with the pigeon, is highly favourable 
for the work ; and difficulty in pairing, as with cats, prevents 
the formation of distinct breeds. On nearly the same principle 
the cattle of the small island of Jersey have been improved in 
their milking qualities “ with a rapidity that could not have 
been obtained in a widely extended country like France.”" 
Although free crossing is a danger on the one side which 
every one can see, too close interbreeding is a hidden danger 
on the otlier side. Unfavourable conditions of life overrule the 
power of selection. Our improved heavy breeds of cattle and 
sheep could not have been formed on mountainous pastures; 
nor could dray-horses have been raised on a barren and inhos- 
pitable land, such as the Falkland islands, where even the 
light horses of La Plata rapidly decrease in size. Nor could 
the wool of sheep have been much increased in length within 
the Tropics; yet selection has kept Merino sheep nearly true 
under diversified and unfavourable conditions of life. Tlie 
power of selection is so great, that breeds of the dog, sheep, and 
poultry, of the largest and least size, long and short beaked 
pigeons, and other breeds with opposite characters, have had 
their characteristic qualities augmented, though treated in every 
way alike, being exposed to the same climate and fed on the 
same food. Selection, however, is either checked or favoured 
by the effects of use or habit. Our wonderfully-improved pigs 
could never have been formed if they had been forced to search 
for their own food ; the English racehorse and greyhound could 
not have been improved up to their present high standard of 
excellence without constant training. 

As conspicuous deviations of structure occur rarely, the 
improvement of each breed is generally the result, as already 

” ‘ Encydop. of Rural Sporta,' p. 40a. 

" Col. Lo Couttur, ‘ Journal Roy. Agricult. Soo.,’ vol. iv. p. 43. 
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remarked, of the selection of slight individual differences. 
Hence the closest attention, the sharpest powers of observation, 
and indomitable perseverance, are indispensable. It is, also, 
highly important that many individuals of the breed which is to 
be improved should be raised ; for thus there will be a better 
chance of the appearance of variations in the right direction, 
and individuals varying in an unfavourable manner may be 
freely rejected or destroyed. But that a large number of indi- 
viduals should be raised, it is necessary that the conditions of 
life sliould favour the propagation of the species. Had the 
peacock been bred as easily as the fowl, we should probably 
ere this have had many distinct races. AVe see the importance 
of a large number of plants, fiom the fact of nursery garden- 
ers almost always beating amateurs in the exhibition of new 
varieties. In 1845 it was estimated*' that between 4000 and 
5000 pelargoniums were annually raised from seed in Eng- 
land, yet a decidedly improved variety is rarely obtained. 
At Messrs. Carter’s grounds, in Essex, where such flowers as 
the Lobelia, Nemophila, Mignonette, &c., are grown by the 
acre for seed, “ scarcely a season passes without some new kinds 
being raised, or some improvement effected on old kinds.** At 
Kew, as Mr. Beaton remarks, where many seedlings of common 
plants are raised, “ you see new forms of Laburnums, Spiraeas, 
and other shrubs.” ® So with animals: Marshall," in speaking 
of the sheep in one part of Yorkshire, remarks, “ as they belong 
to poor people, and are mostly in small lots, they never can 
be improved.” Lord Rivers, when asked how he succeeded in 
always having first-rate greyhounds, answered, “ I breed many, 
and hang many.” This, as another man remarks, “ was the secret 
of his success ; and the same will be found in exhibiting fowls, 
— successful competitors breed largely, and keep the best.”" 

It follows from this that the capacity of breeding at an early 
age and at short successive intervals, as with pigeons, rabbits, 
&c., facilitates selection ; for the result is thus soon made visible, 
and perseverance in the work is encouraged. It can hardly be 

« ‘ Gardener’s Chronicle,’ 1845, p. « ‘ Cottage Gardener,’ 1860, p. 368. 
273. « ‘A Review of Reports,’ 1808, p. 

^ * Journal of Horticulture,’ 1862, p. 406. 

157. 44 ‘Gardeners Chrouicle,’ 1853, p. 45. 
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accidental that the great majority of the culinary and agricul- 
tural plants which have yielded niimerons races are annuals or 
biennials, which therefore are capable of rapid propagation and 
thus of improvement. Sea-kale, asparagus; common and Jeru- 
salem artichokes, potatoes, and onions, alone are perennials. 
Onions are propagated like annuals, and of the other plants 
just specified, none, with the exception of the potato, have 
yielded more than one or two varieties. No doubt fruit-trees, 
which cannot be propagated quickly by seed, have yielded a 
host of varieties, though not permanent races ; but these, judging 
from pre-historic remains, were produced at a later and more 
civilised epoch than the races of culinary and agricultural plants. 

A species may be highly variable, but distinct races will not 
bo formed, if from any cause selection be not applied.- The 
carp is highly variable, but it would be extremely difficult to 
select slight variations in fishes whUst living in their hatural state, 
and distinct races have not been formed ;« on the other hand a 
closely allied species, the gold-fish from being reared in glass 
or open vessels, and from having been carefully , attended to by 
&e Chinese, has yielded many races. Neither the bee, which 
has Iwen semi-domesticated from an extremely remote period, 
nor the cochineal insect, which was cultivated by the aboriginal 
Mexi^ns, has yielded races; and it would be impossible to 
match the queen-bee with any particular drone, and most difficult 
to match cochineal insects. Silk-moths, on the other hand, have 
been subjected to ngorous selection, and have produced a host 
of races. Cats, which from their nocturnal habits cannot be 
selected for breeding, do not, as formerly remarked, yield dis- 
tmct r^es m the same country. The ass in England varies 
much m colour and size; but it is an animal of Uttle value, 
bred by poor people ; consequently there has been no selection, 
and distmct races have not been formed. We must not attribute 
the mfenonty of our asses to climate, for in India they are of 
even smaller size than in Europe. But when selection is brought 
to bear on the a-ss, all is changed. Near Cordova, as I am in- 
formed (Feb. 1860) by Mr. W. E. Webb, C.E., they are care- 
fully bred, as much as 200t having been paid for a stallion ass, 
*»“• m- P- «• Oa 

Cochmeol Insect, p. 46. ^ 
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and they have been immensely improved. In Kentucky, asses 
have been imported (for breeding mules) from Spain, Malta 
and France; these “seldom averaged more than fourteen hands 
“ high ; but the Kentuckians, by great care, have raised them 
“up to fifteen hands, and sometimes even to sixteen. The prices 
•“paid for these splendid animals, for such they really are, •will 
“prove how much they are in request. One male, of great 
“ celebrity, was sold for upwards of one thousand pounds sterling.’’ 
These choice asses are sent to cattle-shows, one day being given 
to thejr exhibition.^’ 

Analogous facts have been observed with plants: the nutmeg- 
tree in the Malay archipelago is highly variable, but there has 
been no selection, and there are no distinct races." The common 
mignonette (Reseda odoraia), from bearing inconspicuous flowers, 
valued solely for their fragrance, “ remains in the same unim- 
“ proved condition as when first introduced.”" Our common 
forest-trees are very variable, as may be seen in every extensive 
nursery-ground; but as they are not valued like fruit-trees, 
and as they seed late in life, no selection has been applied to 
them ; consequently, as Mr. Patrick Matthews remarks," diey 
have not yielded distinct races, leafing at difierent periods, 
growing to diflferent sizes, and producing timber fit for difierent 
purposes. We have gained only some fanciful and semi- 
monstrous varieties, which no doubt appeared suddenly as we 
now see them. 

Some botanists have argued that jjlants cannot have so strong 
a tendency to vary as is generally supposed, because many 
species long grown in botanic gardens, or unintentionally culti- 
vated year after year mingled with our com crops, have not pro- 
duced distinct races ; but this is accounted for by slight varia- 
tions not having been selected and propagated. Let a plant 
which is now grown in a botanic garden, or any common weed, 
be cultivated on a large scale, and let a sharp-sighted gardener- 
look out for each slight variety and sow the seed, and then, if 
distinct races are not produced, the argument will be valid. 



Capt. Marryat, quoted by Blytli 
in * Journ. Asiatic Soc, of Bengal,’ vol 
xxviii. p. 229. 

Mr. Oxley, ‘ Journal of the Indian 



Archipelago,’ vol. il., 1848, p. 645. 

« Mr. Abbey, in ‘ Journal of Horti- 
culture,’ Dec. 1, 186.3, p. 430. 

* On Naval Timber,’ 1831, p. 107. 
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The importance of selection is likewise shown by considering 
special characters. For instance, with most breeds of fowls the 
form of the comb and the colour of the plumage have been 
attended to, and are eminently characteristic of each race; 
but in Dorkings, fashion has never demanded uniformity of 
comb or colour ; and the utmost diversity in these respects pre- 
vails. Hose-combs, double-combs, cup-combs, &c., and colours 
of all kinds, may bo seen in purely bred and closely related 
Dorking fowls, whilst other points, such as the general form of 
body, and the presence of an additional toe, have been attended 
to, and are invariably present It has also been ascertained 
that colour can be fixed in this breed, as well as in any other." 

During the formation or improvement of a breed, its members 
will always be found to vary much in those characters to which 
especial attention is directed, and of which each slight im- 
provement is eagerly sought and selected. Thus with short-faced 
tumbler-pigeons, the shortness of the beak, shape of head and 
plumage, — with carriers, the length of the beak and wattle, — 
with fantails, the tail and carriage, — with Spanish fowls, the white 
face and comb, — with long-eared rabbits, the length of ear, are 
all points which are eminently variable. So it is in every case, 
and the large price paid for flrst-rate animals proves the diffi- 
culty of breeding them up to the highest standard of excellence. 
This subject has been discussed by fanciers,® and the greater 
prizes given for highly improved breeds, in comparison with 
those given for old breeds which are not now undergoing rapid 
improvement, has been fully justified. Nathusius makes® a 
similar remark when discussing the less uniform character of 
improved Shorthorn cattle and of the English horse, in com- 
parison, for example, with the unennobled cattle of Hungary, 
or with the horses of the Asiatic steppes. This want of uni- 
formity in the parts wliich at the time are undergoing selection, 
chiefly depends on the strength of the principle of reversion; 
but it likewise depends to a certain extent on the continued 

« Mr. Baily. in ‘The Poultry Chro- comber, p. 171 ; 1850, Jonnaiy, pp- 
nicle,’ vol. u., 1854, p. 150. Also vol. 1. 218, 323. 

p. 312 ; vol. ill. p. 245. « ‘ IJeber SliorUioru Bindvich,’ 1857, 

“ ‘ Cottage Gardener,’ 1855, De- s. 51. 
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variability ‘of the parts which have recently varied. That the 
same parts do continue varying in the same manner we must 
admit, for, if it were not so, there could bo no improvement 
beyond an early standard of excellence, and we know that such 
improvement is not only possible, but is of general occurrence. 

As a consequence of continued variability, and more especially 
of reversion, all highly improved races, if neglected or not sub- 
jected to incessant selection, soon degenerate. Yonatt gives a 
curious instance of this in some cattle formerly kept in Glamor- 
ganshire; but in this case the cattle were not fed with sufficient 
care. Jlr. Baker, in his memoir on the Horse, sums up: “It 
“ must have been observed in the preceding pages that, when- 
“ ever there has been neglect, the breed has proportionally dete- 
“riorated.”" If a considerable number of improved cattle, sheep, 
or other animals of the same race, were allowed to breed freely 
together, with no selection, but with no change in their condition 
of life, there can be no doubt that after a score or hundred gene- 
rations they would be very far from excellent of their kind ; but, 
from what we see of the many common races of dogs, cattle, 
fowls, pigeons, &c., which without any particular care have long 
retained nearly the same character, we have no grounds for 
believing that they would altogether depart from their type. 

It is a general belief amongst breeders that characters of all 
kinds become fixed by long-continued inheritance. But I have 
attempted to show in the fourteenth chapter that this belief 
apparently resolves itself into the following proposition, namely, 
that all characters whatever, whether recently acquired or an- 
cient, tend to be transmitted, but that those which have already 
long withstood all counteracting influences, will, as a general 
rule, continue to withstand them, and consequently be faithfullv 
transmitted. 

Tendency in Man to carry the pr^ice of Selection to an extreme 

It is an important principle that in the process of selection 
man almost invariably wishes to go to an extreme point Thus, 
in usual qualities, there is no limit to his desire to breed certain 
on clS' *ii>. p. 720. For the Glnmorganshiro cattlo, tee Youatt 
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horses and dogs as fleet as possible, and others as strong as 
possible ; certain kinds of sheep for extreme fineness, and others 
for extreme length of wool ; and he wshes to prodnce fimit, grain, 
tubers, and other useful parts of plants, as large and excellent as 
possible. With animals bred for amusement, the same principle 
is even more powerful ; for fashion, as we see even in our dress, 
always runs to extremes. This view has been expressly admitted 
by fanciers. Instances were given in the chapters on the pigeon, 
but here is another: Mr. Eaton, after describing a compara- 
tively new variety, namely, the Archangel, remarks, “What 
“ fanciers intend doing with this bird I am at a loss to know, 
“ whether they intend to breed it down to the tumbler’s head 
and beak, or carry it out to the carrier’s head and beak ; leaving 
“ it as they found it, is not progressing.” Ferguson, speaking 
of fowls, says, “ their peculiarities, whatever they may be, must 
“ necessarily be fully developed : a little peculiarity forms nought 
“ but ugliness, seeing it violates the existing laws of symmetry.” 
So Mr. Brent, in discussing the merits of the sub-varieties of the 
Belgian canary-bird, remarks, “ Fanciers always go to extremes ; 
“they do not admire indefinite properties.”” 

This principle, which necessarily leads to divergence of 
character, explains the present state of various domestic races. 
We can thus see how it is that race-horses and dray-horses, 
greyhounds and mastifls, which are opposed to each other in 
every character, — how varieties so distinct as Cochin-china fowls 
and bantams, or carrier-pigeons with very long beaks, and 
tumblers with excessively short beaks, have been derived from 
the same stock. As each breed is slowly improved, the inferior 
varieties are first neglected and finally lost. In a few cases, by 
the aid of old records, or from intermediate varieties still exist- 
ing in countries where other fashions have prevailed, we are 
enabled partially to trace the graduated changes through which 
certain breeds have passed. Selection, whether methodical or 
unconscious, always tending towards an extreme point, together 
with the neglect and slow extinction of the intermediate and 
less-valued forms, is the key which unlocks the mystery how 
man has produced such wonderful results. 

“ J. M. Eston, ‘ A Trcatiso on Fancy Pigeons,’ p. 82 ; Ferguson, on ‘ Haro and 
Prize Poultry,’ p. 102 ; Mr. Brent, in • Cottage Gardener,’ Oct 1800, p. 13. 
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In a few instances selection, guided by utility for a single 
purpose, has led to convergence of character. All the improved 
and different races of the pig, as Nathusius has well shown,** 
closely approach each other in character, in their shortened legs 
and muzzles, their almost hairless, large, rounded bodies, and 
small tusks. We see some degree of convergence in the similar 
outline of the body in well-bred cattle belonging to distinct 
races.*’ I know of no other such cases. 

Continued divergence of. character depends on, and is indeed 
a clear proof, as previously remarked, of the same parts con- 
tinuing to vary in the same direction. The tendency to mere 
general variability or plasticity of organisation can certainly be 
inherited, even from one parent, as has been shown by Gartner 
and Kolreuter, in the production of varying hybrids from two 
species, of which one alone was variable. It is in itself probable 
that, when an organ has varied in any manner, it will again 
vary in the same manner, if the conditions which first caused 
the being to vary remain, as far as can be judged, the same. 
This is either tacitly or expressly admitted by all horticulturists : 
if a gardener observes one or two additional petals in a flower, 
he feels confident that in a few generations he will be able 
to raise a double flower, crowded with petals. Some of the 
seedlings from the weeping Moccas oak were so prostrate that 
they only crawled along the ground. A seedling from the fasti- 
gate or upright Irish yew is described as differing greatly from 
the parentrform “ by the exaggeration of the fastigate habit of 
its branches.”** Mr. Sheriff, who has been more successful 
than any other man in raising new kinds of wheat, remarks, “ A 
good variety may safely be regarded as the forerunner of a 
better one.”*’ A great rose-grower, Mr. Rivers, has made the 
same remark with respect to roses. Sageret," who had large 
experience, in speaking of the future progress of fruitrtrees, 
observes that the most imjiortant principle is “ that the more 
plants have departed from their original type, the more they 
tend to depart from it.” There is apparently much trath in this 

« • Dio Eaoon doo Sohweine..- ISfiO. « Vorlot. • Deo ToridtA. 1865, p. 94. 
*• “ Mr. Patrick SherU^ in ‘ Gard. 

« See some good remarka on tl,ia Chroniclo,' 1858, p. 771. 

ut« da » ‘Pomologio Phyaiolog.,’ 1830, p. 
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remark ; for we can in no other way understand the surprising 
amount of dififerenoe between varieties in the parts or qualities 
which are valued, whilst other parts retain nearly their original 
character. 

The foregoing discussion naturally leads to the question, what 
is the limit to the possible amount of variation in any part 
or quality, and, consequently, is there any limit to what selec- 
tion can effect? Will a race- horse ever be reared fleeter than 
Eclipse? Can our prize-cattle and. sheep be still further im- 
proved ? Will a gooseberry ever weigh more than that pro- 
duced by “London” in 1852? Will the beet-root in France 
yield a greater percentage of sugar? Will future varieties of 
wheat and other grain produce heavier crops than our present 
varieties ? These questions cannot be positively answer^ ; but 
it is certain that we ought to be cautious in answering by a 
negative. In some lines of variation the limit has probably lien 
reached. Youatt believes that the reduction of bone in some 
of our sheep has already been carried so far that it entails great 
delicacy of constitution." But seeing the great improvement 
within recent times in our cattle and sheep, and especially in 
our pigs ; seeing the wonderful increase in weight in our poultry 
of all kinds during the last few years ; he would be a bold man 
who would assert that perfection has been reached. Eclipse 
perhaps may never be beaten until all our race-horses have 
been rendered swifter, through the selection of the best horses 
during many generations ; and then the old Eclipse may possibly 
be eclipsed ; but, as Mr. Wallace has remarked, there must be an 
ultimate limit to the fleetness of every animal, whether under 
nature or domestication ; and with the horse this limit has perhaps 
been reached. Until our fields are better manured, it may be 
impossible for a new variety of wheat to yield a heavier crop But 
in many cases those who are best qualified to judge do notbeheve 
that the extreme point has as yet been reached even with respect 
to characters which have already been carried to a high standard 
of perfection. For instance, the short-faced tumbler-pigeon has 
been greatly modified ; nevertheless, according to Mr. Eaton," 
■“ the field is still as open for fresh competitors as it was one 
hundred years ago.” Over and over again it has been said that 

Youatt on Sheep, p. 521. ” ‘ A Trcatiae on the Almond Tumhicr,' p. i. 
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perfection had been attained with our flowers, but a higher 
standard has soon been reached. Hardly any fruit has been more 
improved than the strawberry, yet a great authority remarks.” 
“it must not be concealed that we are far from the extreme 
limits at which we may arrive.” 

Time is an important element in the formation of our domestic 
races, as it permits innumerable individuals to be born, and these 
when exposed to diversified conditions are rendered variable. 
Methodical selection has been occasionally practised from an 
ancient period to the present day, even by semi-civilised people, 
arid during former times will have produced some effect Uncon- 
scious selection will have been still more effective ; for during 
a lengthened period the more valuable individual animals will 
occasionally have been saved, and the less valuable neglected. 
In the course, also, of time, different varieties, especially in the 
less civilbed countries, will have been more or less modified 
through natural selection. It is generally believed, theugh on 
this head we have little or no evidence, that new characters in 
time become fixed ; and after having long remained fixed it 
seems possible that under new conditions they might again be 
rendered variable. 

How great the lapse of time has been since man first domes- 
ticated animals and cultivated plants, we begin dimly to see. 
When the lake-buildings of Switzerland were inhabited during 
the Neolithic period, several animals were already domes- 
ticated and various plants cultivated. If we may judge from 
what we now see of the habits of savages, it is probable that the 
men of the ea,rlier Stone period— when many great quadrupeds 
were living which are now extinct, and when the face of the 
countiy was widely different from what it now is-possessed 
at least some few domesricated animals, although their remains 
have not as yet been discovered. If the science of language 
can be trusted, the art of ploughing and sowing the land was 
followed, and the chief ammals had been already domesticated, 
at an epwh so immensely remote, that the Sanskrit, Greek, 
Latin, Gothic, Celtic, and Sclavonic languages had not as yei 
diverged from their common parent-tongue.” 

*• M. J. de Jonghe, in ‘Gard. Chron ’ IS'iS n 

« Max Muller. ‘ Soienoo of Unguagi^- issi, p, 22^ 
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It 18 scarcely possible to overrate tbe effects of selection 
occasionally carried on in various ways and places during 
thousands of generations. All that we know, and, in a still 
stronger degree, all that we do not know,** of the history of the 
great majority of our breeds, even of our more modem breeds, 
agrees with the view that their production, through the action 
of unconscious and methodical selection, has been almost insen- 
sibly slow. When a man attends rather more closely than is 
usual to the breeding of his animals, he is almost sure to improve 
them to a slight extent. They are in consequence valued in 
his immediate neighbotu-hood, and are bred by others ; and their 
characteristic features, whatever these may be, will then slowly 
but steadily be increased, sometimes by methodical and almost 
always by unconscious selection. At last a strain, deserving to 
be called a sub-variety, becomes a little more widely known, 
receives a local name, and spreads. The spreading will have been 
extremely slow during ancient and less civilised times, but now 
is rapid. By tbe time that the new breed had assumed a some- 
what distinct character, its history, hardly noticed at the time, 
will have been completely forgotten ; for, as Low remarks,** 
“ we know how quickly the memory of such events is effaced.” 

As soon as a new breed is thus formed, it is liable through 
the same process to break up into new strains and sub- 
varieties. For different varieties are suited for, and are valued 
under, different circumstances. Fashion changes, but, should 
a fashion last for even a moderate length of time, so strong 
is the principle of inheritance, that some effect will probably 
be impressed on the breed. Thus varieties go on increasing 
in number, and history shows us how wonderfully they have 
increased since the earliest records.*’ As each new variety is 
produced, the earlier, intermediate, and less valuable forms will 
be neglected, and perish. When a breed, from not being valued, 
is kept in small numbers, its extinction almost inevitably 
follows sooner or later, either from accidental causes of destruc- 
tion or from close interbreeding ; and this is an event which, in 
the case of well-marked breeds, excites attention. The birth or 
production of a new domestic race is so slow a process that it 

“ Yonatt on Cattle, pp. 116, 128. « ‘Domosticatod Animala,' p. 188. 

” Volz, • Beitoage zur KulturgeBoliichte,’ 1 852, s. 99 el pauim. 
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escapes notice ; its death or destruction is comparatiyely sudden, 
is often recorded, and when too late sometimes regretted. 

Several authors have drawn a wide distinction between arti- 
ficial and natural races. The latter are more uniform in cha- 
racter, possessing in a high degree the character of natural 
species, and are of ancient origin. They are generally found in 
less civilised countries, and have probably been largely modi- 
fied by natural selection, and only to a small extent by man’s 
unconscious and methodical selection. They have, also, during 
a long period, been directly acted on by the physical conditions 
of the countries which tliey inhabit. The so-called artificial 
races, on the other hand, are not so uniform in character ; some 
have a semi-monstrous character, such as “the wry-legged 
terriers so useful in rabbit-shooting,”** turnspit dogs, ancon 
sheep, niata oxen, Polish fowls, fantail-pigeons, &c. ; their charac- 
teristic features have generally been acquired suddenly, though 
subsequently increased in many cases by careful selection. Other 
races, which certainly must be called artificial, for they have 
been largely modified by methodical selection and by crossing, 
as the English race-horse, terrier-dogs, the English game-cock, 
Antwerp carrier-pigeons, &c., nevertheless cannot be said to 
have an unnatural ajipearance ; and no distinct line, as it seems 
to me, can be draivn between natural and artificial races. 

It is not surprising that domestic races should generally 
present a different aspect from natural species. Man selects 
and propagates modifications solely for his own use or fancy, 
and not for the creature’s own good. His attention is struck by 
strongly marked modifications, which have appeared suddenly, 
due to some great disturbing cause in the organisation. He 
attends almost exclusively to external characters ; and when he 
succeeds in modifying internal organs, — when for instance he 
reduces the bones and offal, or loads the viscera with fat, or 
gives early maturity, &c.,— the chances are strong that he will at 
the same time weaken the constitution. On the other hand, 
when an animal has to struggle throughout its life with many com- 
petitors and enemies, under circumstances inconceivably complex 
and liable to change, modifications of the most varied nature — 
in the internal organs as well as in external characters, in the 
•» Blaine. ‘ Encyclop. of Rural Sporta,’ p. 213. 
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functions and mutual relations of parts — will be rigorously tested, 
preserved, or rejected. Natural selection often checks man’s 
comparatively feeble and capricious attempts at improvement ; 
and if this were not so, the result of his work, and of nature’s 
work, would be even still more different. Nevertheless, we must 
not ’overrate the amount of difference between natural species 
and domestic races ; the most experienced naturalists have often 
disputed whether the latter are descended from one or fium 
several aboriginal stocks, and this clearly shows that there is no 
palpable difference between species and races. 

Domestic races propagate . their kind far more truly, and 
endure for much longer periods, than most naturalists are 
willing to admit. Breeders feel no doubt on this head; ask 
a man who has long reared Shorthorn or Hereford cattle, 
Leicester or Southdown sheep, Spanish or Game poultry, 
tumbler or carrier-pigeons, whether these races may not have 
been derived from common progenitors, and he will probably 
laugh you to scorn. Tho breeder admits that he may hope to 
produce sheep with finer or longer wool and with better carcases, 
or handsomer fowls, or carrier-pigeons with beaks just percep- 
tibly longer to the practised eye, and thus be successful at an 
exhibition. Thus far he will go, but no farther. He does not 
reflect on what follows from adding up during a long course of 
time many, slight, successive modifications ; nor does he reflect 
on the former existence of numerous varieties, connecting file 
links in each divergent line of descent. He concludes, as was 
shown in the earlier chapters, that all the chief breeds to which 
he has long attended are aboriginal productions. The systematic 
naturah'st, on the other hand, who generally knows nothing of 
the art of breeding, who does not pretend to know how and 
when the several domestic races were formed, who cannot have 
seen the intermediate gradations, for they do not now exist, 
nevertheless feels no doubt that these races are sprung from a 
single source. But ask him whether the closely allied natural 
species which he has studied may not have descended from a 
common progenitor, and he in his turn will perhaps reject the 
notion with scorn. Thus tho naturalist and breeder may mutually 
learn a useful lesson from each other. 

Summary on Sdection by Man.— There can be no doubt that 
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methodical selection has effected and will effect wonderful 
results. It was occasionally practised in ancient times, and 
is still practised by semi-civilised people. Characters of the 
highest importance, and others of trifling value, have been 
attended to, and modified. I need not here repeat what has 
been so often said on the part which unconscious selection has 
played : we see its power in the difference between flocks which 
have been separately bred, and in the slow changes, as circum- 
stances have slowly changed, which many animals have under- 
gone in the same country, or when transported into a foreign land. 
We see the combined effects of methodical and unconscious selec- 
tion in the great amount of difference between varieties in those 
parts or qualities which are valued by man, in comparison with 
those which are not valued, and consequently have not been 
attended to. Natural selection often determines man’s power 
of selection. We sometimes err in imagining that characters, 
which are considered as unimportant by the systematic naturalist, 
could not be affected by the struggle for existence, and there- 
fore be acted on by natural selection ; but striking cases have 
been given, showing how great an error this is. 

The possibility of selection coming into action rests on varia- 
bility ; and this is mainly caused, as we shall hereafter see, by 
changes in the conditions of life. Selection is sometimes ren- 
dered difficult, or even impossible, by the conditions being opposed 
to the desired character or quality. It is sometimes checked by 
the lessened fertility and weakened constitution which follow 
from long-continued close interbreeding. That methodical selec- 
tion may be successful, the closest attention and discernment, 
combined with unwearied patience, are absolutely necessary ; 
and these same qualities, though not indispensable, are highly 
serviceable in the case of unconscious selection. It is almost 
necessary that a large number of individuals should be reared ; 
for thus there will be a fair chance of variations of the desired 
nature arising, and every individual with the slightest blemish 
or in any degree inferior may be freely rejected. Hence length 
of time is an important element of success. Thus, also, propa- 
gation at an early ago and at short intervals favours the work. 
Facility in pairing animals, or their inhabiting a confined area, 
is advantageous as a check to free crossing. Whenever and 
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wherever selection is not practised, distinct races are not formed. 
When any one part of the body or quality is not attended 
to, it remains either unchanged or varies in a fluctuating manner, 
whilst at the same time other parts and other qualities may 
become permanently and greatly modified. But from the ten- 
dency to reversion and to continued variability, those parts or 
organs which are now undergoing rapid improvement through 
selection, are likewise found to vary much. Consequenfly 
highly-bred animals, when neglected, soon degenerate; but we 
have no reason to believe that tlie effects of long-continued 
selection would, if the conditions of life remained the same, be 
soon and completely lost. 

Man always tends to go to an extreme point in the selection, 
whether methodical or unconscious, of all useful and pleasing 
qualities. Tliis is an important principle, as it leads to con- 
tinued divergence, and in some rare cases to convergence of 
character. The possibility of continued divergence rests on 
the tendency in each part or organ to go on varying in the 
same manner in which it has already varied; and that this 
occui-8, is proved by the steady and gradual improvement of 
many animals and plants during lengtliened periods. The prin- 
ciple of divergence of character, combined with the neglect and 
final extinction of all previous, less-valued, and intermediate 
varieties, explains the amount of difference and the distinct- 
ness of our several races. Although we may have reached the 
utmost limit to which certain characters can be modified, yet 
we are far from having reached, as we have good reason to 
believe, the limit in the majority of cases. Finally, from 
the difference between selection as carried on by man and by 
nature, wo can understand how it is that domestic races often, 
though by no means always, differ in general aspect from closely 
allied natural species. 

Throughout this chapter and elsewhere I have spoken of 
selection as the paramount power, yet its action absolutely 
depends on what we in our ignorance call spontaneous or acci- 
dental variability. Let an architect be compelled to build an 
edifice with uncut stones, fallen from a precipice. The shape 
of each fragment may be called accidental; yet the shape of 
each has been determined by the force of gravity, the natiure 
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of the rock, and the slope of the precipice, — events and circum- 
stances, all of which depend on natural laws ; but there is no 
relation between these laws and the purpose for which each 
fragment is used by the builder. In the same manner the 
variations of each creature are determined by fixed and im- 
mutable laws ; but these bear no relation to the living struc- 
ture which is slowly built up through the power of selection, 
whether this be natural or artificial selection. 

If our architect succeeded in rearing a noble edifice, using the 
rough wedge-shaped fragments for the arches, the longer stones 
for the lintels, and so forth, we should admire his skill even in 
a higher degree than if he had used stones shaped for the 
juu-pose. So it is with selection, whether applied by man or by 
nature ; for though variability is indispensably necessary, yet, 
when we look at some highly complex and excellently adapted 
organism, variability sinks to a quite subordinate position in 
importance in comparison with selection, in the same manner as 
the shape of each fragment used by our supposed architect is 
imimportaut in comparison with his skiU. 
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CHAPTER XXII. 

CAUSES OF VAEIABILITT. 



TABIABILITT DOES HOT NECESSAHIIE ACCOKPANT HEPEODtCTIOH — CArSES A86IOEED 
OT TAEIOCS AETHOES — INDITIDDAI. DIFFEBENCES — TABIABIUTT OF EVERT KHID 

CLIMATE, FOOD, EXCESS OF KCTEIMEliT — SLIGHT CHANOES SCFFICIEST— EFFECTS 
OF OEAinsO OH THE TARIABILITT OF BEEDLIKfrTHEES — DOMESTIO PRODCCTIOXS 
BECOME HABITTATED TO CHANGED CONDITIONS — ON THE ACCCMCLATTVE ACnoN 
OF CHANGED CONDITIONS — CLOSE DiTEBBEEEDINO AND THE IMAQISATION OP THE 
MOTHER 8CPPOSED TO CACSE TARIABILITT — CR068INO AS A CAUSE OF THE APPEAB- 
^CE OF NEW CHABAOTERE —TARIABILITT FROM THE COMMINGUNO OF CHARACTERS 

WHICH EITHER DIEEOIT.T, OR INDIBECTLT THROUGH THE REPBODUOITVE STSTEM, 
INDUCE TARIABILITT. 

We will now consider, as far as we can, the causes of the 
almost umrersal variability of our domesticated productions. 
Tlie subject is an obscure one ; but it may be useful to probe 
our ignorance. Some authors, for instance Dr. Prosper Lucas, 
look at variability as a necessary contingent on reproduction, 
and as much an aboriginal law, as growth or inheritance. 
Others have of late encouraged, perhaps unintentionally, this 
view by speaking of inheritance and variability as equal and 
antagonistic principles. Pallas maintained, and he has had 
some followers, that variability depends exclusively on the 
crossing of primordially distinct forms. Other authors attri- 
bute the tendency to variability to an excess of food, and with 
animals to an excess relatively to the amount of exercise 
taken, or again to the effects of a more genial climate. That 
these causes are all effective is highly probable. But we must, 

I think, take a broader view, and conclude that organic beings, 
when subjected during several generations to any change what- 
ever in their conditions, tend to vary; the kind of variation 
which ensues depending in a for higher degree on the nature or 
constitution of the being, than on the nature of the changed 
conditions. 
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Those authors who believe that it is a law of nature that each 
individual should differ in some slight degree from every other, 
may maintain, apparently with truth, that this is the fact, not 
only with all domesticated animals and cultivated plants, but 
likewise witli all organic beings in a state of nature. The Lap- 
lander by long practice knows and gives a name to each 
reindeer, though, as Linnmus remarks, “ to distinguish one from 
another among such multitudes was beyond my comprehension, 
for they were like ants on an ant-hilL” In Germany shepherds 
have won wagers by recognising each sheep in a flock of a 
hundi'ed, which they had never seen until the previous fortnight. 
This power of discrimination, however, is as nothing compared 
to that which some florists have acquired. Verlot mentions a 
gardener who could distinguish 150 kinds of camellia, when not 
in flower ; and it has been positively asserted that the famous 
old Dutch florist Voorhelm, who kept above 1200 varieties of 
the hyacinth, was hardly ever deceived in knowing each variety 
by the bulb alone. Bence we must conclude that the bulbs of 
the hyacinth and the branches and leaves of the camellia, though 
appearing to an unpractised eye absolutely undistinguishable, 
yet really differ. ‘ 

As Linneeus has compared the reindeer in number to ants, I 
may add that each ant knows its fellow of the same community. 
Several times I carried ants of the same species (Formica rufa) 
from one ant-hill to another, inhabited apparently by tens of 
thousands of ants; but the strangers were instantly detected 
and killed. I then put some ants taken from a very large nest 
into a bottle strongly perfumed with assafoetida, and after an 
interval of twenty-four hours returned them to their home; 
they were at first threatened by their fellows, but were soon 
recogmsed and allowed to pass. Hence each ant certainly re- 
cognises, independently of odour, its fellow ; and if all the ants 
of the same community have not some countersign or watch- 
word, they must present to each other’s senses some distin- 
tinguishable character. 

• • De« Jacinthes,’ *c.. Amstenkm. lated by Sir J. E. Smith, voL i. p. 314. 
1768, p. 43; Verlot, ‘Dee Variitee,’ The statement in regard to German 
Ac., p. 86. On the reindeer, tea shepherds is given on the authority of 
LinntBus, ‘ Tour in Lapland,’ trane- Dr. Weinland. 
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The dissimilarity of brothers or sisters of the same family, 
and of seedlings from the same capsule, may be in part accounted 
for by the unequal blending of the characters of the two parents, 
and by the more or less complete recovery through reversion 
of ancestral characters on either side ; but we thus only push 
the difficulty further back in time, for what made the parents 
or their progenitors different ? Hence the belief* that an 
innate tendency to vary exists, independently of external con- 
ditions, seems at first sight probable. But even the seeds 
nurtured in the same capsule are not subjected to absolutely 
uniform conditions, as they draw their nourishment from dif- 
ferent points ; and we shaU see in a future chapter that this 
difference sometimes suffices greatly to affect the character of 
the future plant. The less close similarity of the successive 
children of the same family in comparison with human twins, 
which often resemble each other in external apjiearance, mental 
disposition, and constitution, in so extraordinary a manner, 
apparently proves that the state of the parents at the exact 
period of conception, or the nature of the subsequent embryonic 
development, has a direct and powerful influence on the cha- 
racter of the offspring. Nevertheless, when we reflect on the 



* MiUIer’s ‘ Physiology,’ Eng. trans- 
lation, Tol. ii. p. 16«2. With respect 
to tho sunilarity of twins in consti- 
tution, Dr. W’iliiam Ogle has given me 
the following extract fiom Professor 
Troussean’s Lectures (• Clinique M«i- 
calo,' tom. i. p. 523), in whicli a curions 
case is recorded ; — “ J’ai donnd mos 
soins h deux friires jumcaux, tons deux 
si extraordinairemont ressomblants qu'U 
m'dtait impossible de les reconnaitre. 

Tautre. Ootto ressemblance physique 
s’dtendait plus ioin: ils avaient, per- 
mettez-moi i'expression, une similitude 
pathologiquo plus remarquahle encore. 
Ainsi fun d'eux quo jo voyais aux ndo- 
thormes h Paris malado d’uno oj*- 
thalmic rhumatiamalc me disait -En 
ce moment men frfero doit avoir uno 

commo je m’etais recric, il me montrait 
quelques Jours aprts uno lettre qu’il 



venait do reeovoir de ce fibre alore h 
Vienne, et qui lui dcrivait en effet— 
•J’ai mon ophthalmic, tu dois avoir la 
tienne.’ Quelquo singulier que ceci 
puisse paraitre, le fait n'en est pas moins 
exact ; on ne me fa pas raoonUS, je fai vu, 
et j’en ai vu d’autres analogues dans 
ma pratique. Ces deux jumeaux dtaient 
aussi tous deux asthmatiquos, et asth- 
matiques h un eSroyable degrd. Ori- 
ginaires de Marseille, ils n’ont jamais 
pu demeurer dans oette ville, oh lema 
intdidts Ics appelaiont souvent, sans 
btro pris de Icurs acchs ; jamais ils n’en 
dprouvaient h Paris. Bien mieux. il 
ieur sulBanit de gagner Toulon poor 
btro gueris de leurs attaques de Mar- 
seille. Voyageant sans cease et dans 
tons pays pour icurs allaires, ils avaient 
rcraarqud quo eertaines localites Ieur 

etaieut exempts de tout phduomcne 
d’oppression.” 
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individual differences between organic beings in a state of 
nature, as shown by every wild animal knowing its mate ; and 
when we reflect on the influite diversity of the many varieties 
of our domesticated productions, we may well be inclined to 
exclaim, though falsely as I believe, that Variability must be 
looked at as an ultimate fact, necessarily contingent on repro- 
duction. 

Those authors who adopt this latter view would probably 
deny that each separate variation has its own proper exciting 
cause. Although we can seldom trace the precise relation 
between cause and effect, yet the considerations presently to 
be given lead to the conclusion that each modification must 
have its own distinct cause. When we hear of an infant 
bom, for instance, with a crooked finger, a misplaced tooth, 
or other slight deviation of structure, it is difficult to bring 
the conviction home to the mind that such abnormal cases 
are the result of fixed laws, and not of what we blindly call 
accident Under this point of view the following case, which 
has been carefully examined and communicated to me by 
Dr. William Ogle, is highly instructive. Two girls, bom as 
twins, and in all respects extremely alike, had their little fingers 
on both hands crooked; and in both children the second 
bicuspid tooth in the upper jaw, of the second dentition, was 
misplaced ; for these teeth, instead of standing in a line with the 
others, grew from the roof of the mouth behind the first 
bicuspids. Neither the parents nor any other member of the 
family had exhibited any similar peculiarity. Now, as both 
these children were affected in exactly the same manner by both 
deviations of stmeture, the idea of accident is at once excluded ; 
and we are compeUed to admit that there must have existed 
some precise and sufficient cause which, if it had occurred a 
hunfed times, would have affected a hundred children. 

We will now consider the general arguments, which appear 
to mo to have great weight, in favour of the view that variations 
of aU kinds and degrees are directly or indirectly caused by the 
conditions of life to which each being, and more especiaUy its 
ancestors, have been exposed. 

No one doubts that domesticated productions are more variable 
than organic beings which have never been removed from their 
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natural conditions. Monstrosities graduate so insensibly into 
mere variations that it is impossible to separate them ; and all 
those who have studied monstrosities believe that they are far 
commoner with domesticated than with wild animals and plants ;* 
and in the case of plants, monstrosities would be equally notice- 
able in the natural as in the cultivated state. Under nature, 
the individuals of the same species are exposed to nearly 
uniform conditions, for they are rigorously kept to their proper 
places by a host of competing animals and plants ; they have, 
also, long been habituated to their conditions of life ; but it 
cannot be said that they are subject to quite uniform conditions, 
and they are liable to a certain amount of variation. The cir^ 
cnmstanoes under which our domestic productions are reared 
are widely different : they are protected from competition ; they 
have not only been removed from their natural conditions and 
often from their native land, but they are frequently carried 
from district to district, where they are treated differently, 
so that they never remain during a considerable length of 
time exposed to closely similar conditions. In conformity with 
this, all our domesticated productions, with the rarest excep- 
tions, vary far more than natural species. The hive-bee, which 
feeds itself and follows in most respects its natural habits of 
life, is the least variable of all domesticated animals, and pro- 
bably the goose is the next least variable ; but even the goose 
varies more than almost any wild bird, so that it cannot be 
affiliated with perfect certainty to any natural species. Hardly 
a single plant can be named, which has long been cultivated 
and propagated by seed, that is not highly variable ; common 
rye (Secde cerecde) has afforded fewer and less marked varieties 
than almost any other cultivated plant ;* but it may be doubted 
whether the variations of this, the least valuable of all our 
cereals, have been closely observed. 

Bud-variation, which was fully discussed in a former chapter, 
shows us that variability may be quite independent of seminal 
reproduction, ■ and likewise of reversion to long-lost ancestral 
characters. No one will maintain that the sudden appearance 

> Isid. Gcoffioy St. Hilaire. 'Hist. dc« -AnomaUes,’ tom. iii. p. 352; Moquin- 
Tondon, ‘Tdratologie Vigdtaic,’ ISil. p. 115. 

* Metzger, ‘Die Getreidearten,’ 1841, s. 39. 
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of a moss-rose on a Provence-rose is a return to a former state, 
for mossiness of the calyx has been observed in no natural 
species; the same argument is applicable to variegated and 
laeiniated leaves; nor can the appearance of nectarines on 
peach-trees be accounted for with any probability on the 
principle of reversion. But bud-variations more immediately 
concern us, as they occur far more frequently on plants which 
have been highly cultivated during a length of time, than 
on other and less highly cultivated plants ; and very few well- 
marked instances have been observed with plants growing 
under strictly natural conditions. I have given one instance of 
an ash-tree growing in a gentleman’s pleasure-grounds; and 
occasionally there may be seen, on beach and other trees, twigs 
leafing at a different period from the other branches. But our 
forest trees in England can hardly be considered as living under 
strictly natural conditions; the seedlings are raised and pro- 
tected in nursery-grounds, and must often be transplanted into 
places where wild trees of the kind would not naturally grow. 
It would be esteemed a prodigy if a dog-rose growing in a hedge 
produced by bud-variation a moss-rose, or a wild bullace or 
wild cherry-tree yielded a branch bearing fruit of a different 
shape and colour from the ordinary fruit. The prodigy would 
be enhanced if these varying branches were found capable of 
propagation, not only by grafts, but sometimes by seed; yet 
analogous cases have occurred with many of our highly culti- 
vated trees and herbs. 

These several considerations alone render it probable that 
variability of every kind is directly or indirectly caused by 
changed conditions of life. Or, to put the case under another 
point of view, if it were possible to expose all the individuals 
of a species during many generations to absolutely uniform 
conditions of life, there would be no variability. 

On the Mure of the Ouinges in the Conditione of Life which 
induce varicMity. 

From a remote period to the present day, under climates and 
circumstances as different as it is possible to conceive, organic 
beings of all kinds, when domesticated or cultivated, have varied. 
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We see this with the many domestic races of quadrapeds and 
birds belonging to different orders, with gold-fish and silk-worms, 
with plants of many kinds, raised in various quarters of the 
world. In the deserts of northern Africa the date-palm has 
yielded thirty-eight varieties ; in the fertile plains of India it is 
notorious how many varieties of rice and of a host of other 
plants exist ; in a single Polynesian island, twenty-four varieties 
of the bread-fruit, the same number of the banana, and twenty- 
two varieties of the arum, are cultivated by the natives; the 
mulberry-tree in India and Europe has yielded many varieties 
serving as food for the silkworm; and in China sixty-three 
varieties of the bamboo are used for various domestic purposes.* 
These facts alone, and innumerable others could be added, in- 
dicate that a change of almost any kind in the conditions of life 
suffices to cause variability — different changes acting on diffe- 
rent organisms. 

Andrew Knight' attributed the variation of botli animals and 
plants to a more abundant supply of nourishment, or to a more 
favourable climate, than that natural to the species. A more 
genial climate, however, is far from necessary; the kidney- 
bean, which is often injured by our spring frosts, and peaches, 
which require the protection of a wall, have varied much in 
England, as has the orange-tree in northern Italy, where it is 
barely able to exist.’’ Nor can we overlook the fact, though not 
immediately connected with our present subject, that the plants 
and shells of the arctic regions are eminently variable.* More- 
over, it does not appear that a change of climate, whether more 
or less genial, is one of the most potent causes of variability; 
for in regard to plants Alph. De Candolle, in his ‘Gdographie 



‘ On the date-palm, see Vogel. 

• AnnaU and Mag. of Nat. Hist,’ 
1854. p. 460. On Indian varieties. 
Dr. F. Hamilton. ■Transact Linn. Sec..’ 
Tol. xiv. p. 296. On the varieUea cul- 
tivated in Tahiti, see Dr. Bennett in 
Loudon’s ‘Mag. of N. Hist.’ vol. v, 
18.92, p. 484. Also Ellis, 'Polynesian 
Researches.’ voL i. pp. 375. 870. On 
twenty varieties of the Pandanus and 
other trees in the Marianne Island, ass 

• Hooker's MisceUany,’ vol. i. p. 308. 
On the bamboo in China, sss Hue’s 



• Chinese Empire,’ vol. ii. p. 307. 

« ’Treatiao on the Culture of the 
Apple,’ &c., p. 3. 

t Oallesio, ‘ Teoria della Bipro- 
dnzionc Veg.,’ p. 125. 

* Sss Dr. Hooker’s Memoir on Aretio 

part it Mr. Woodward, end a higher 
authority cannot be qrroted, spe^s of 

Treatise,’ 1856, p. 355) as remarkably 
subject to variation. 
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Botanique,’ repeatedly shows that the native country of a plant, 
where in most eases it has been longest cultivated, is that where 
it has vielded the greatest number of varieties. 

It is doubtful whether a change in the nature of the food is 
a potent cause of variability. Scarcely any domesticated animal 
has varied more than the pigeon or the fowl, but their food, 
especially that of highly-bred pigeons, is generally the same. 
Nor can our cattle and sheep have been subjected to any great 
change in this respect. But in all these eases the food probably 
is much less varied in kind than that which was consumed by 
the species in its natural state.’ 

Of all the causes which induce variability, excess of food, 
whether or not changed in nature, is probably the most powerful. 
This view was held with regard to plants by Andrew Knight, and 
is now held by Schleiden, more especially in reference to the 
inorganic elements of the food.” In order to give a plant more 
food it suflSces in most cases to grow it separately, and thus pre- 
vent other plants robbing its roots. It is surprising, as I have 
often seen, how vigorously our common wild plants flourish when 
phmted by themselves, though not in highly manured land. 
(Jrowing plants separately is, in fact, the first step in culti- 
vation. Wo see the converse of the belief that excess of food 
induces variability in the following statement by a great raiser 
of seeds of all kinds." “It is a rule invariably with us, when 
“ we desire to keep a true stock of any one kind of seed, to 
“ grow it on poor land without dung ; but when we grow for 
“ quantity, we act contrary, and sometimes have dearly to 
“ repent of it” 

h the cMe of animals the want of a proper amount of exercise, 
as Bechstein has remarked, has perhaps played, independently 
of the direct effects of the disuse of any particular organ, an 
important part in causing variability. We can see in a vague 
manner that, when the organised and nutrient fluids of the body 
are not used during growth, or by the wear and tear of the tissues. 



• Bechgtoin, in his ‘ Natogeschich 
<ler Slubenvogel,’ 1840, s. 238, has son 
good remarks on this sabjoct. He stat 
that his oanary-hirds varied in colot 
though kept on uniform food. 

-The Plant,' by Schleiden, tral 
VOL. II. 



latcd by Henfrey, 1848, p. 109. See 
also Alox. Braun, in Memoir*,’ 

Ray. Soc., 1858, p. 313. 

" Messrs. Hardy and Son, of Maldon, 
in ‘Card. Chronicle,' 1856, p. 458. 
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they will be in excess ; and as growth, nutrition, and reproduc- 
tion are intimately allied processes, this superfluity might dis- 
turb the due and proper action of the reproductive organs, and 
consequently affect the character of the future offspring. But 
it may be argued that neither an excess of food nor a superfluity 
in the organised fluids of the body necessarily induces variability. 
The goose and the turkey have been well fed for many genera- 
tions, yet have varied very little. Our fruit-trees and culinary 
plants, which are so variable, have been cultivated from an 
ancient period, and, though they probably still receive more 
nutriment than in their natural state, yet they must have 
received during many generations nearly the same amount ; 
and it might be thought that they would have become habituated 
to the excess. Nevertheless, on the whole, Knight’s view, that 
excess of food is one of the most potent causes of variability, 
appears, as far as I can judge, probable. 

Whether or not our various cultivated plants have received 
nutriment in excess, all have been exposed to changes of 
various kinds. Fruit-trees are grafted on different stocks, 
and grown in various soils. The seeds of culinary and agri- 
cultural plants are carried from place to place; and during 
the last century the rotation of our crops and the manures used 
have been greatly changed. 

Slight changes of treatment often suffice to induce varia- 
bility. The simple fact of almost all our cultivated plants 
and domesticated animals having varied in all places and at all 
times, leads to this conclusion. Seeds taken from common 
English forest-trees, grown under their native climate, not highly 
manured or otherwise artificially treated, yield seedlings which 
vary much, as may be seen in every extensive seed-bed. I 
have shown in a former chapter what a number of well-marked 
and singular varieties the thorn {Cratagm oxycantha) has pro- 
duced; yet this tree has been subjected to hardly any culti- 
vation. In Staffordshire I carefully examined a large number 
of two British plants, namely. Geranium phmim and Pyrenaieum, 
which have never been highly cultivated. These plants had 
spread spontaneously by seed from a common garden into an 
open plantation ; and the seedlings varied in almost every single 
character, both in their flowers and foliage, to a degree which 
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I Lave never seen exceeded; yet they could not have been 
exposed to any great change in their conditions. 

With respect to animals, Azara has remarked with much sur- 
prise,'* that, whilst the feral horses on the Pampas are always of 
one of three colours, and the cattle always of a uniform colour, 
yet these animals, when bred on the unenclosed estancias, though 
kept in a state which can hardly be called domesticated, and 
apparently exposed to almost identically the same conditions as 
when they are feral, nevertheless display a great diversity of colour. 
So again in India several species of fresh-water fish are only so 
far treated artificially, that they are reared in great tanks ; but 
this small change is sufficient to induce much variability.'* 

Some facts on the effects of grafting, in regard to the variability 
of trees, deserve attention. Cabanis asserts that when certain 
pears are grafted on the quince, their seeds yield more varieties 
than do the seeds of the same variety of pear when grafted on 
the wild pear.'* But as the pear and quince are distinct species, 
though so closely related that the one can be readily grafted 
and succeeds admirably on the other, the fact of variability being 
thus caused is not surprising ; we are, however, here enabled 
to see the cause, namely, the different nature of the stock with 
its roots and the rest of the tree. Several North American 
varieties of the plum and peach are well known to reproduce 
themselves truly by seed ; but Downing asserts,'* “ that when a 
“graft is token from one of these trees and placed upon another 
“ stock, this grafted tree is found to lose its singular property of 
“ producing the same variety by seed, and becomes like all other 
“ worked trees that is, its seedlings become highly variable. 
Another case is worth giving: the Ulande variety of the 
walnut-tree leafs between April 20th and May 15th, and its 
seedlings invariably inherit the same habit; whilst several 
other varieties of the walnut leaf in June. Now, if seedlings are 
raised from the May-leafing Lalande variety, grafted on another 
May-leafing variety, though both stock and graft have the same 
early habit of loafing, yet the seedlings leaf at various times, 
torn’ l»0b “ Quoted by Sagcrct, ‘ Pom. Phya,' 

“ M'cieUaid on Indian Cyprinid®, « ’• The Fraite of America.’ 1841 

‘ Aeiatio Eeaearchea,' yoL xix. part ii., p. 5. ^menco. 1845, 

1839, pp. 266, 268, 313. 

8 2 
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even as late ns the 5th of June.'* Such facts as these are well 
fitted to show, on what obscure and slight causes variability 
rests. 



I may hero jnst allude to the appearance of new and valuable varieties 
of fruit-trees and of wheat in woods and waste places, which at first sight 
seems a most anomalous circumstance. In France a considerable number 
of the best pears have been discovered in woods; and this has occurred 
so frequently, that Poiteau asserts that “ improved varieties of our culti- 
vated fruits rarely originate with nurserymen.” In England, on the 
other hand, no instance of a good pear having been found wild has been 
recorded; and Mr. Rivers informs me that he knows of only one instance 
with apples, namely, the Boss Poole, which was discovered in a wood in 
Nottinghamshire. This difference between the two countries may be 
in part accounted for by the more favourable climate of France, but 
chiefly from the great number of seedlings which spring up there in the 
woods. I infer that this is the case from a remark made by a French 
gardener,” who regards it as a national calamity that such a number of 
pear-trees are periodically cut down for firewood, before they have borne 
fruit The new varieties which thus spring up in the woods, though they 
cannot have received any excess of nutriment, will have been exposed to 
abruptly changed conditions, but whether this is the cause of their pro- 
duction is very doubtful. These varieties, however, are probably all 
descended ” from old cultivated kinds growing in adjoining orchards, — a 
circumstance which will account for their variability ; and out of a vast 
number of varying trees there will always be a good chance of the appear^ 
anco of a valuable kind. In North America, where fruit-trees frequently 
spring up in waste places, the Washington pear was found in a hedge, 
and the Emperor peach in a wood.” 

With respect to wheat, some writers have spoken ” as if it were an ordi- 
nary event for new varieties to be found in waste places; the Fenton wheat 
was certainly discovered growing on a pile of basaltic detritus in a quarry, 
but in such a situation the plant would probably receive a sufficient amount 



” Duval, ‘Hist, du Poirier,’ 1849, 



Sm ‘Oard. Chronicle,’ 1602, p. 335, 
for another case of a new variety of the 
pear found in a hedge in France. Also 
for another case, see Loudon’s *Ency«> 
clop, of Gardening/ p. 901 . Mr. Rivers 



in the woods seedlings resembling all 
the chief cultivated races of both the 
pear and apple. Van Mon^ however, 

^ Deling. ‘Fruit-treea of North 
• rica,' p. 422; Foley, in ‘Transact. 
, Soc.,’ vol. vi. p. 412. 

• Card. Chronicle,' 1847, p. 244. 
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of nutriment. The Chidham wheat was raised from an oar found on a 
hedge; and Hunter’s wheat was disooTerod hy the roadside in Scotland, 
but it is not said that this latter rariety grew where it was found.** 

Whether our domestic productions would ever become so com- 
pletely habituated to the conditions under which they now live, 
as to cease varying, we have no sufficient means for judging. 
But, in fact, our domestic productions are never exposed for a 
great length of time to uniform conditions, and it is certain that 
our most anciently cultivated plants, as well as animals, still go 
on varying, for all have recently undergone marked improve- 
ment. In some few cases, however, plants have become habituated 
to new conditions. Thus Metzger, who cultivated in Germany 
during many years numerous varieties of wheat, brought from 
different countries,** states that some kinds were at first extremely 
variable, but gradually, in one instance after an interval of twenty- 
five years, became constant ; and it docs not appear that this 
resulted from the selection of the more constant forms. 



On th£ Accumulative Action of changed Conditime of Life.— 
We have good grounds for believing that the influence of changed 
conditions accumulates, so that no effect is produced on a species 
until it has been exposed during several generations to continued 
cultivation or domestication. Universal experience shows us 
that when now flowers are first introduced into our gardens they 
do not vary; but ultimately aU, with the rarest exceptions, vary 
to a greater or less extent. In a few cases the requisite number 
of generations, as well as the successive steps in the progress of 
variation, have been recorded, as in the often-quoted instfinco of 
/ years’ culture the Zinnia has only lately 

(1860) begun to vary in any great degree. “ In the first seven or 
“ eultivation the Swan River daisy (Brachgeome 

tOencUJoim) kept to its original colour; it then varied into lilac 
“and purp e and other minor shades.’’** Analogous facts have 
beenrccorded with the Scotch rose. In discussing the variability 
of plants several experienced horticulturists have spoken to the 

P- 22S: Bronn, • Geschichte dcr 
Getreide«rten:’''l843; .. 66, 1861, p. 

**' Sabino, bi • Hort. TrawaoV «1. IsM "" 852™“’ ' 
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same general effect. Mr. Salter“ remarks, “ Every one knows 
“ that the chief difBculty is in breaking through the original form 
“ and colour of the species, and every one will be on the look-out 
“ for any natural sport, either from seed or branch ; that being 
“ once obtained, however trifling the change may be, the result 
“ depends upon himself.” M. de Jonghe, who has had so much 
success in raising new varieties of pears and strawberries,” re- 
marks with respect to the former, “ There is another principle, 
“ namely, that the more a type has entered into a state of variation, 
“ the greater is its tendency to continue doing so ; and the more 
“ it has varied from the original type, the more it is disposed to 
“ vary still farther.” We have, indeed, already discussed this 
latter point when treating of the power which man possesses, 
through selection, of continually augmenting in the same direc- 
tion each modification; for this power depends on continued 
variability of the same general kind. The most celebrated hor- 
ticulturist in France, namely, Vilmorin,* ** even maintains that, 
when any particular variation is desired, the first step is to 
get the plant to vary in any manner whatever, and to go on 
selecting the most variable individuals, even though they vary 
in the wrong direction; for the fixed character of the species 
being once broken, the desired variation will sooner or later 
appear. 

As nearly all our animals were domesticated at an extremely 
remote epoch, we cannot, of course, say whether they varied 
quickly or slowly when first subjected to new conditions. But 
Dr. Bachman” states that he has seen turkeys raised from 
the eggs of the wild species lose their metallic tints and become 
spotted with white in the third generation. Mr. Yarrell many 
years ago informed me that the wild ducks bred on the ponds 
in St James’s Park, which had never been crossed, as it is be- 
lieved, with domestic ducks, lost their true plumage after a 
few generations. An excellent observer,” who has often reared 
birds from the eggs of the wild duck, and who took precautions 



* ‘ The Chryaonlhemum, its History, 
tea.; 1865, p. 3. 

‘Gaidener’e Ohron,,’ 1855, p. 54; 
‘Journal of Hortieullure,’ May 9, 1865, 
p. 363. 

» Quoted by Verlot, ‘ Deo Varidhis,’ 



to., 1865, p. 28. 

‘ Examination of tlio Cliaiaotcrio- 
tico of Genera and Specioa Charleston, 

Mr. Hewitt, ‘ Journal of Ilort.,' 
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that there should be no crossing with domestic breeds, has 
given, as previously stated, full details on the changes which they 
gradually undergo. He found that he could not breed these wild 
ducks true for more than five or six generations, “ as they then 
“ proved so much less beautiful. The white collar round the neck 
“ of the mallard became much broader and more irregular, and 
“ white feathers appeared in the ducklings’ wings.” They in- 
creased also in size of body ; their legs became less fine, and they 
lost their elegant carriage. Fresh eggs were then procured 
from wild birds ; but again the same result followed. In these 
cases of the duck and turkey we see that animals, like plants, 
do not depart from their primitive type until they have been 
subjected during several generations to domestication. On 
the other hand, Mr. YarreU informed me that the Australian 
dingos, bred in the Zoological Gardens, almost invariably pro- 
duced in the first generation puppies marked with white and 
other colours ; but these introduced dingos had probably been 
procured from the native^ who keep them in a semi-domesticated 
state. It is certainly a remarkable fact that changed conditions 
should at first produce, as far as we can see, absolutely no effect; 
but that they should subsequently cause the character of the 
species to change. In the chapter on pangenesis I shall 
attempt to throw a little light on this fact. 



Returning now to the causes which are supposed to induce 
variability. Some authors” believe that close interbreeding 
gives this tendency, and leads to the production of monstrosities. 
In the seventeenth chapter some few facts were advanced, 
showing that monstrosities are, as it appears, occasionally thus 
caused; and there can be no doubt that close interbreeding 
induces lessened fertility and a weakened constitution ; hence it 
may lead to variability : but I have not sufficient evidence on 
this head. On the other hand, close interbreeding, if not car- 
ried to an injurious extreme, far from causing variability, tends 
to fix the character of each breed. 

It was formerly a common belief still held by some per- 
sons, that the imagination of the mother affects tho child in 



Devay, ‘Mariages Consanguins,’ pp. 97, 125. In converastion I have I 
two or three naturalists of the same nnin>..n 
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the womb.®* This view is evidently not applicable to the lower 
animals, which lay unimpregnated eggs, or to plants. Dr. William 
Ilunter, in the last century, told my father that during many 
years every woman in a large London Lying-in Hospital was 
asked before her confinement whether anything had specially 
afiected her mind, and the answer was written down ; and it so 
happened that in no one instance could a coincidence be de- 
tected between the woman’s answer and any abnormal structure- 
but when she knew the nature of the structure, she frequently 
suggested some fresh cause. The belief in the power of the 
mother’s imagination may perhaps have arisen from the children 
of a second marriage resembling the previous father, as certainly 
sometimes occurs, in accordance with the facts given in the 
eleventh chapter. 

Crosdng as a Cause of Variahility—\vi. an early part of this 
chapter it was stated that Pallas” and a few other naturalists 
maintain that variability is wholly due to crossing. If this means 
that new characters never spontaneously appear in our domestic 
races, but that they are all directly derived from certain aboriginal 
species, the doctrine is little less than absurd; for it implies 
that animals like Italian greyhounds, pug-dogs, bull-dogs, pouter 
and fantad pigeons, &c., were able to exist in a state of nature. 
Hut the doctrine may mean something widely difiTerent, namely, 
that the crossing of distinct sjmcies is the sole cause of the first 
appearance of new characters, and that without this aid man could 
not have formed his various breeds. As, however, new characters 
have appeared in certain cases by bud-variation, wo may conclude 
with certainty that crossing is not necessary for variability. It is, 
moreover, almost certain that the breeds of various animals, such as 
of the rabbit, pigeon, duck, &c., and the varieties of several plants, 
are the modified descendants of a single wild species. Neverthe- 
Icas, it is probable that the crossing of two forms, when one or 
both have long been domesticated or cultivated, adds to the varia- 
bility of the offspring, independently of the commingling of the 
characters derived from the two parent-forms; and this implies 

“ Mtillcr has conclusively argued p. 1405. 
n^inst this belief. ‘Elements of » ‘Act. Acad. St Peterebutg,’ 1780, 
Phjs..’ Eng. translat, vol. ii.. 1842, partii. p. 84, Ac. 
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that new characters actually arise. But we must not forget the 
facts advanced in the thirteenth chapter, which clearly prove that 
the act of crossing often leads to the reappearance or reversion 
of long-lost characters ; and in most cases it would be impossible 
to distinguish between the reappearance of ancient characters 
and the first appearance of new characters. Practically, whether 
new or old, they would he new to the breed in which they 
reappeared. 



Giirtnor doolares,** and his experience is of the highest value on such a 
])oint, that, when he crossed native plants which had not been cultivated, 
he never once saw in the offepring any new character; but that from the 
odd manner in which the characters derived from the parents were com- 
bined, they sometimes appeared as if new. When, on the other hand, he 
crossed cultivated plants, he admits that new characters occasionally 
appeared, but he is strongly inclined to attribute their appearance to 
ordinary variability, not in any way to the cross. An opposite conclusion, 
however, appears to me the more probable. According to Kolrenter, 
hybrids in the genus Mirabilis vary almost infinitely, and he describes new 
and singular characters in the form of the seeds, in the colour of the anthers, 
in the cotyledons being of immense size, in new and highly peculiar odours, 
in the flowers expanding early in the season, and in their closing at night. 
With respect to one lot of these hybrids, he remarks that they presented 
cliaracters exactly the reverse of what might have been expected from their 
parentage.® 

Prof. Lecoq* speaks strongly to the same effect in regard to this same 
genus, and asserts that many of the hybrids from Mimbilit jutapa and 
muUiflora might easily be mistaken for distinct species, and adds that they 
differed in a greater degree, than the other species of the genus, from M. 
julapa. Herbert, also, has described® the offspring ftom a hybrid Rho- 
dodendron as toing “ as unWee all others in foliage, as if they had been a 
“ separate species.” The common experience of floriculturists proves that 
the crossing and recrossing of distinct but allied plants, such as the 
species of Petunia, Calceolaria, Fuchsia, Verbena, &c., induces excessive 
variabiKty ; hence the appearance of quite new characters is probable. M 
Carribre* has lately discussed this subject: he states that Erythrina cris- 
tagaUi had been multipUed by seed for many years, but had not yielded 
any varieties; it was then crossed with the alfied E. herhacea and “ the 

r^stoce was now overcome, and varieUes were produced vrith flowers 
“ of extremely diflfereiit size, form, and colour.” 

From the general and apparently weU-founded belief that the crossing 



« ‘ Bastanlcrzeugung,’ a 249, 255, 
295. 

“ ‘ Nova Acta, SL Petersburg,' 1794, 
p. 378 ; 1795, pp. 307, 313, 316; 1787, 



“ ‘ Do la Pfcondation,’ 18C2, p. 311. 
* ‘ Amaiyflidaceas,' 1837, p. 362. 

» Abstracted in ‘ Gaid. Chronicle 

1860, p. 1081. 
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of distinot epeoies, besides comminglmg their characters, adds greatly to 
their variabrnty, it has probably arisen that some botanists have gone so 
far as to maintain * that, when a genus includes only a single species, this 
when cultivated never varies. The proposition made so broadly cannot 
be admitted; but it is probably true that the variability of cultivated 
monotypic genera is mueh lees than that of genera including nume- 
rous species, and this quite independently of the effects of crossing. 
I have stated in my ‘ Origin of Species,’ and in a future work shall more 
fully show, that the species belonging to small genera generally yield a lees 
number of varieties in a state of nature than those belonging to large 
genera. Hence the species of small genera would, it is probable, produce 
fewer varieties under cultivation than the already variable species of larger 

Although we have not at present sufScient evidence that the crossing 
of species, which have never been cultivated, leads to the appearance of 
now characters, this apparently does occur with species which have been 
already rendered in some degree variable through cultivation. Henco 
crossing, like any other change in the conditions of life, seems to be an 
clement, probably a potent one, in causing variability. But we seldom 
have the means of distinguishing, as previously remarked, between the 
appearance of really now characters and the reappearance of long-lost 
characters, evoked through the act of crossing. I will give an instance of 
the difficulty in distinguishing such cases. The species of Datura may 
be divided into two sections, those having white flowers with green stems, 
and those having purple flowers with brown stems ; now Naudin " crossed 
Datura lavis and /erox, both of which belong to the white section, and 
raised from them 205 hybrids. Of these hybrids, every one had brown 
stems and bore purple flowers ; so that they resembled the species of the 
other section of the genus, and not their own two parents. Naudin was so 
much astonished at this fact, that he was led carefully to observe both 
parent-species, and ho discovered that the pure seedlings of D, fenxt 
immediately after germination, had dark purple stems, extending from 
the young roots up to the cotyledons, and that this tint remained ever 
afterwards as a ring round the b^ of the stem of the plant when old. Now 
I have shown in the thirteenth chapter that the retention or exaggeration 
of an early character is so intimately related to reversion, that it evidently 
comes under the same principle. Hence probably we ought to look at the 
purple flowers and brown stems of these hybrids, not as new characters 
due to variabiUty, but as a return to the former state of some ancient 
progenitor. 

Independently of the appearance of new characters from crossing, a few 
words may be added to what has been said in former chapters on the 
unequal combination and transmission of the characters proper to the two 
parent-forms. When two species or races are crossed, the offepring of 



** This was the opinion of the eider 
De Gandolie, as quoted in ‘ Die. Class. 
d’Hist Nat.,’ tom. viii. p. 405. Puvis, 
in his work, ‘De la IXgendration,' 



1837, p. 37, has discussed ibis same 
point 

^ ‘ Comptes Bendus,’ Novembre 21, 
1864, p. 838. 



Darwin Online: By permission i 



! Trustees of the Natural History Museum (London) 



:iup. XXII. 



CAUSES OF VAKIABILITY. 



2C7 



the first generation are generally nniform, but subsequently they display 
an almost infinite diversity of character. He who wishes, says Kblreuter," 
to obtain an endless number of varieties from hybrids should cross and 
recroes them. There is also much variability when hybrids or mongrels 
are reduced or absorbed by repeated crosses witli either pure parent-form ; 
and a still higher degree of variability when three distinct species, and most 
of aU when four species, are blended together by successive crosses. Beyond 
this point Gartner,® on whose authority the foregoing statements are made, 
never succeeded in effecting a imion; but Max Wichura® united six dis- 
tinct species of willows into a single hybrid. The sex of the parcnbspecies 
affects in an inexplicable manner the degree of variability of hybrids; 
for Gartner® repeatedly found that when a hybrid was used as the father, 
and either one of the pure parentrspecies, or a third species, was used as 
the mother, the offspring were more variable than when the same hybrid 
was used as the mother, and either pure parent or the same third species 
as the father : thus seedlings ftom Dianthm barbatia crossed by the hybrid 
D. chintnsi-barbatut were more variable than those raised from this latter 
hybrid fertilised by the pure D. harbatus. Max Wichura “ insists strongly 
on an analogous result with his hybrid willows. Again GSrtner" asserts 
that the degree of variability sometimes differs in hybrids raised from re- 
ciprocal crosses between the same two species ; and here the sole difference 
is, that the one species is first used as the father and then as the mother. 
On tlie whole we see that, independently of the appearance of new charac- 
ters, the variabihty of succcssivo crossed generations is extremely complex, 
partly from the offepring partaking unequally of the characters of the, two 
parent-forms, and more especially from their unequal tendency to revert 
to these same characters or to those of more ancient progenitors. 



On the Manner and on the Period of Action of the Causes which 
induce Variahility. — This is an extremely obscure subject, and 
wo need here only briefly consider, firstly, whether inherited 
variations are caused by the organisation being directly acted 
on, or indirectly through the reproductive system ; and secondly, 
at what period of life or growth they are primarily caused. We 
shall see in the two following chapters that various agencie.s, 
such as an abundant supply of food, exposure to a different 
climate, increased use or disuse of jiarts, &e., prolonged during 
several generations, certainly modify either the whole organi- 
sation or certain organs. This direct action of changed con- 
ditions jicthaps comes into play much more frequently than can 
be proved, and it is at least clear that in all cases of bud- 



“ ‘ Nova Acta, SL Petersburg • 1794 
p. 391. 

“ ‘Bastarderaeugung, ’8.507, 516, 572. 
® ‘ Dio Baotardbefruchtuog,’ 4 c, 



1805, 8 . 24. 

“ ‘ Ba«tarderzcugimg,' 8 . 452, 507. 
« ‘ Dio Baslardbefrnchtung,’ 8 . 56. 
® ‘ Bastarderzeugung,’ a. 423. 
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variation the action cannot have been through the reproductive 
system. 

With respect to the part which the reproductive system takes in causing 
variability, we have seen in the eighteenth chapter that even sli^ 
change* in the conditions of life have a remarkable power in causing a 
greater or less degree of sterility. Hence it seems not improbable that 
beings generated through a system so easily affected should themselves 
be affected, or should fail to inherit, or inherit in excess, characters 
proper to their parents. We know that certain groups of organic beings, 
but with exceptions in each group, have their reproduetive systems much 
more easily affected by changed conditions than other groups; for in- 
stance, carnivorous birds more readily than carnivorous ■n.mm’.i. 
parrots more readily than pigeons ; and this fact harmonizes with the 
apparently capricious manner and degree in which various groups of 
animals and plants vary under domestication. 

Kblreuter" was struck with the parallelism between the excessive 
variability of hybrids when crossed and recrossed in various ways,— 
these hybrids having their reproductive powers more or less affect^,’— 
and the variability of anciently cultivated plants. Max Wichura" Im 
gone one step farther, and shows that with many of our highly cultivated 
plants, such as the hyacinth, tulip, auricula, snapdragon, potato, cabbage, 
&c., which there is no reason to believe have been hybridized, the anthers 
contain many irregular pollen-grains, in the same state as in hybrids. 
He finds also in certain wild forms, the same coincidence between the state 
of the pollen and a high degree of variability, as in many species of Kubus ; 
but in y?. aesius and idaia, which are not highly variable species, the 
pollen is soimd. It is also notorious that many cultivated plants, such 
as the banana, pine-apple, breadfruit, and others previously mentioned, 
have their reproductive organs so seriously affected as to be generally 
quite sterile ; and when they do yield seed, the seedlings, judging fiem the 
large number of cultivated races which exist, must be variable in an 
extreme degree. These facts indicate that there is some relation between 
the state of the reproductive organs and a tendency to variability ; but we 
mu^ not conclude that the relation is strict. Although many of our 
highly cultivated plants may have their nollen in a deteriorated conditim. 



. o. imiuie. xne peacock is almost the only bird which is believed 
to te to fertile under domestication than in its native state, and it has 
varied in a remarkably small d^ree. From these consideration it would 
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ditions, at least in a visiblo manner, than the female element or ovnle ; and 
we know from Gartner’s and Wichura’s statements that a hybrid used as the 
father and erossed with a pure species gives a greater degree of variability 
to the offspring, than does the same hybrid when used as the mother. 
Lastly, it is certain that variability may be transmitted through either 
sexual element, whether or not originally excited in them, for Ebirenter 
and Gartner" found that when two species were crossed, if either one was 
variable, the oflfepring were rendered variable. 

Summary. — From the facts given in this chapter, we 
may conclude that the variability of organic beings under 
domestication, although so general, is not an inevitable con- 
tingent on growth and reproduction, but results from the 
conditions to which the parents have been exposed. Changes 
of any kind in the conditions of life, even extremely slight 
changes, often suffice to cause variability. Excess of nutriment 
is perhaps the most efficient single exciting cause. Animals 
and plants continue to bo variable for an immense period after 
their first domestication ; but tho conditions to which they 
are exposed never long remain quite constant. In the course of 
time they can be habituated to certain changes, so as to become 
less variable ; and it is possible that when first domesticated 
they may have been even more variable than at present. 
There is good evidence that the power of changed conditions 
accumulates; so that two, three, or more generations must be 
exposed to new conditions before any cfiect is visible. Tho 
crossing of distinct forms, which have already become variable, 
increases in the offspring the tendency to further variability, by 
the unequal commingling of the characters of the two parent^ 
by the reappearance of long-lost characters, and by the appear- 
ance of absolutely new characters. Some variations are induced 
by tho direct action of the surrounding conditions on the whole 
organisation, or on certain parts alone, and other variations are 
induced indirectly through the reproductive system being 
affected in the same manner as is so common with organic 
beings when removed from their natural conditions. The causes 
which induce variability act on the mature organism, on the 
embry'o, and, as we have good reason to believe^ on both sexual 
elements before impregnation has been effected. 

“ ‘ Dritto Fortaetzung,’ Stc., s. 123; • Basteiderzeiigung,’ s. 249. 
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DIRECT AND DEFINITE ACTION OF THE EXTERNAL CONDITIONS 
OP LIFE. 




If we ask ourselTes why this or that character has been modi- 
fied under domestication, we are, in most cases lost in utter 
darkness. Many naturalists, especially of the French school, 
attribute every modification to the “ monde ambiant,” that is, to 
changed climate, with all its diversities of heat and cold, dampness 
and dryness, light and electricity, to the nature of the soil, 
and to varied kinds and amount of food. By the term definite 
action, as used in this chapter, I mean an action of such a nature 
that, when many individuals of the same variety are exposed 
during several generations to any change in their physical 
conditions of life, aU, or nearly aU the individuals, are modified 
in the same manner. A new sub-variety would thus be pro- 
duced without the aid of selection. 

I do not include under the term of definite action the effecte 
increased use and disuse of various organs. 
Modifications of this nature, no doubt, are definitely caused by 
the conditions to which the beings are subjected; but they d^ 
pend much less on the nature of the conditions than on the laws 
of growth; hence they are included under a distinct head in the 
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following chapter. We know, however, far too little of the 
causes and laws of variation to make a sound classification. 
The direct action of the conditions of life, whether leading to 
definite or indefinite results, is a totally distinct consideration 
from the efiTects of natural selection ; for natural selection 
depends on the survival under various and complex circum- 
stances of the hest-fitted individuals, but has no relation 
whatever to the primarj' cause of any modification of structure. 

I will first give in detail all the facts which I have been able to 
collect, rendering it probable that climate, food, &c., have acted 
so definitely and powerfully on the organisation of our domesti- 
cated productions, that they have sufficed to form new sub- 
varieties or races, without the aid of selection by man or of 
natural selection. I will then give the facts and considerations 
opposed to this conclusion, and finally we will weigh, as fairly 
as we can, the evidence on both sides. 

When we reflect that distinct races of almost all our domes- 
ticated animals exist in each kingdom of Europe, and formerly 
even in each district of England, we are at first strongly 
inclined to attribute their origin to the definite action of the 
physical conditions of each country; and this has been the 
conclusion of many authors. But we should bear in mind 
that man annually has to choose which animals shall be pre- 
served for breeding, and which shall be slaughtered. AVe have 
also seen that both methodical and unconscious selection were 
formerly practised, and are now occasionally practised by the 
most barbarous races, to a much greater extent than might have 
been anticipated. Hence it is very difficult to judge how far 
the difference in conditions between, for instance, the several dis- 
tricts in England, could have sufficed without the aid of selection 
to modify the breeds which have been reared in each. It may 
bo argued that, as numerous wild animals and plants have 
ranged during many ages throughout Great Britain, and still 
retain the same character, the difference in conditions between 
the several districts could not have modified in so marked a 
manner the various native races of cattle, sheep, pigs, and 
horsca The same difficulty of distinguishing between selection 
and the definite effects of the conditions of lif^ is encountered in 
a still higher degree when we compare closely allied natural 
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forms, inhabiting two countries, such as North America and 
Europe, which do not differ greatly in climate, nature of soil, &e., 
for in this case natural selection will inevitably and rigorously 
have acted during a long succession of ages. 

From tho importance of the difaculty just alluded to, it will be advisable 
to give as large a body of facts as possible, showing that extremely slight 
differences in treatment, either In different parts of tho same country, or 
during different seasons, certainly cause an appreciable effect, at least on 
varieties wliich are alrea^ in an unstable condition. Ornamental flowers 
are good for this purpose, as they are highly variable, and are carefully 
observed. All floriculturists are unanimous that certain varieties are 
affected by very slight differences in tho nature of the artificial compost in 
which they arc grown, and by the natural soil of the district, and by tho 
season. Thus, a skilful judge, in writing on Carnations and Picotees," 
a-sks " where can Admiral Curzou be seen possessing the colour, size, and 
“ strength which it has in Derbyshire ? Where can Flora’s Garland Iw 
“ foxmd equal to those at Slough? Whore do high-coloured flowers revel 
" better than at Woolwich and Birmingham ? Yet in no two of these 
“ districts do tho same varieties attain an equal degree of excellence, 
" although each may be receiving tho attention of tho most skilful culti- 
“ vators.” The same writer then recommends every cultivator to keep 
five different kinds of soil and manure, " and to endeavour to suit tlio 
“ respective appetites of tho plants you are dealing with, for without such 




different situation presented a slightly different shade of toIout ; the two 
varieties were afterwards multiplied bv euttinm. hoinc i a 




VI urn Auriculas nrbd 

central trusses of flowers, and these are remarkable from not keeping 1 
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and ho adds that in some seasons certain Tarieties of this plant all prore 
good, and the next season all prove bad; whilst exactly the reverse 
happens with other varieties. In 1845 the editor of the ‘Gardener’s 
Chronicle ’• remarked how singular it was that this year many Calceolarias 
tended to assume a tubular form. With Heartsease' the blotched sorts do 
not acquire their proper character until hot weather sets in ; whilst other 
varieties lose their beautiful marks as soon as this occurs. 

Analogous facts have been observed with leaves: Mr. Beaton asserts* 
that he raised at Shrubland, during six years, twenty thousand seedlings 
from the Punch Pelargonium, and not one had variegated leaves ; but at 
Surbiton, in Surrey, one-third, or even a greater proportion, of the seed- 
lings from this same variety were more or less variegated. Tlio soil of 
another district in Surrey has a strong tendency to cause variegation, as 
appears from information given me by Sir F. Pollock. Verlot* states that 
the variegated strawberry retains its character as long as grown in a dryish 
soil, but soon loses it when planted in fresh and humid soil. Mr. Salter, 
who is weU known for his success in cultivating variegated plants, informs 
mo that rows of strawberries wore planted in his garden in 1859, in the 
usual way ; and at various distances in one row, several plants simulta- 
neously Iwcame variegated, and what made the case more extraordinary, 
all were variegated in precisely the same manner. These plants were 
removed, but during the three succeeding years other plants in the sane 
row became variegated, and in no instance were the plants in any alining 
row affected. 

The chemical qualities, odours, and tissues of plants are often modified 
by a change which seems to us slight The Hemlock is said not to yield 
conicine in Scotland. The root of the Aconitum napellus becomes innocuous 
in frigid climates. The medicinal properties of tlio Digitalis are easily 
affected by culture. The Rhubarb flourishes in England, but does not 
produce the medicinal substance which makes the plant so valuable in 
Chinese Tartary. As the Putacia lentiscus grows abundantly in the South 
of France, the climate must suit it, but it yields no mastic. The Laurut 
saata/ras in Europe loses the odour proper to it in North America.* 
Many similar facts could be given, and they are remarkable because it 
might have been thought that deflnito chemical compounds would have 
been little liable to change either in quality or quantity. 

The wood of the American Locust-tree {RMnia) when grown in England 
is nearly worthless, as is that of the Oak-tree when grown at the Cape of 
Good Hope." Hemp and flax, as I hear from Dr. Falconer, flourish and 
yield plenty of seed on the plains of India, but their fibres are brittle 
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and useless. Hemp, on the otlier hand, fails to produce in EnWand 
ttat^ resinous matter which is so largely used in India as an intoxirating 

The fruit of the Melon is greatly influenced by slight difierences in cul- 
ture and climate. Hence it is generally a better plan, according to Nandin 
introduce a new one into any locality’ 
The s^ of the Persian Melon produces near Paris fruit inferior to the 
poorest market kinds, but at Bordeaux yields delicious fruit “ Seed is 
^ually brought from Thibet to Kashmir, “ and produces fruit weighing 
from four to ten pounds, but plants raised from seed saved in Kashmfr 
next year give frmt weighing only from two to three pounds. It is well 
known that Amencan yarieties of the Apple produce in their native land 
mapificent and brightly-coloured fruit, but in England of poor quality 
and a duU toIout In Hungary there aio many varieties of the Kidncy- 
I«an remarkable for tho beauty of their seeds, but the Rev. M. J. Berkeley » 
found tliat their beauty could hardly ever bo preserved in England, and in 
some cases tho colour was greatly changcel. Wo have seen in tho ninth 
Chapter, With respect to wheat, what a remarkable effect transportal from 
of U South of France, and reversely, produced on the weight 



A\lien man can perceive no change in plants or animals 
which have been exposed to a new climate or to different treat- 
ment, insects can sometimes perceive a marked change. The 
same species of cactus has been carried to Indio from Canton, 
Jlanilla, Mauritius, and from the hot-houses of Kew, and there 
is likewise a so-called native kind, formerly introduced from 
South America ; all these plants are alike in appearance, but the 
cochineal insect flourishes only on the native kind, on which it 
thrives prodigiously.'* Humtoldt remarks'* that white men 
“ born in the torrid zone walk barefoot with impunity in the 
some apartment where a European, recently landed, is exposed 
to the attacks of the Pulex penetrana." This insect, the too 
well-known chigoe, must therefore be able to distinguish what 
the most delicate chemical analysis fails to distinguish, namely, 
a difference between the blood or tissues of a European and 
those of a white man born in the country. But tho discernment 
of tho chigoe is not so surprising as it at first appears; for 
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according to Liebig'’ the blood of men with different complexions, 
though inhabiting the same country, emits a different odour. 

Diseases peculiar to certain localities, heights, or climates, may be hero 
briefly noticed, as showing the influence of external circumstances on the 
human body. Diseases confined to certain races of man do not concern 
us, for the constitution of the race may play the more important part, and 
this may have been determined by unknown causes. Tlie Plica Polonica 
stands, in this respect, in a nearly intermediate position ; for it rarely aficcts 
Gormans, who inliabit the neighlmurhood of the Vistula, where so many 
Poles are grievously affected; and on the other hand, it does not affect 
Bussions, who are said to belong to the same original stock with the 
Poles.'* The elevation of a district often governs the appearance of 
diseases; in Mexico the yellow fever does not extend above 924 metres; 
and in Peru, people are affected with the verayoj only between 600 and 
1600 mhtres above the sea; many other such cases could be given. 
A peculiar cutaneous complaint, called the Bouton d’Alep, affects in Aleppo 
and some neighbouring districts almost every native infant, and some few 
strangers ; and it seems fairly well established that this singular complaint 
depends on drinking certain waters. In the healthy little island of 
St. Helena the scarlet-fever is dreaded like the Plague ; analogous facts 
have been observed in Chili and Mexico.” Even in the different depart- 
ments of France it is found tlmt the various infirmities which render the 
conscript unfit for serving in the army, prevail with remarkable inequality, 
revealing, as Boudin observes, that many of them are endemic, which 
otherwise would never have been suspected.*’ Any one who will study 
the distribution of disease will be struck with surprise at what slight 
differences in the surrounding circumstances govern the nature and 
severity of the complaints by which man is at least temporarily affected. 

The modifications as yet refeiTed to have been extremely 
slight, and in most cases have been caused, as far as we can 
judge, by equally slight changes in the conditions. But can it 
be safely maintained that such changed conditions, if acting 
during a long series of generations, would not produce a marked 
effect ? It is commonly believed that the people of the United 
States differ in appearance from the parent Anglo-Saxon race ; 
and selection cannot have come into action within so short a 
period. A good observer*' states that a general absence of fat, 
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a thin and elongated neck, stiff and lank hair, are the chief 
characteristics. The change in the nature of the hair is sup- 
2)osed to be caused by the dryness of the atmosjihere. If im- 
migration into the United States were now stopped, who can 
say that the character of the whole people would not be greatly 
modified in the course of two or three thousand years ? 

The direct and definite action of clianged conditions, in contraxlis- 
tinction to the accumnlation of indefinite variations, seems to me so 
important that I will give a largo additional body of misoollanoous facts. 
With plants, a considerable change of ciimato sometimes produces a con- 
spicuous result. I have given in detail in the ninth chapter the most 
remarkable case known to mo, namely, tliat in Germany several varieties 
of maizo brought from the hotter parts of America were transformed 
in the course of only two or three generations. Dr. Falconer informs 
mo tliat he lias seen the English Ribston-pippin apple, a Himalayan 
oak, Prunus and Pyms, all assume in the hotter parts of India a fastigate 
or pyramidal habit ; and this fact is the more interesting, os a Chinese 
tropical species of Pyms naturally has this habit of growth. Although 
in these cases the clianged manner of growth seems to have been 
directly caused by the great heat, we know that many fastigate trees have 
originated in their temperate homes. In the Botanic Gardens of Ceylon 
the apple-tree ® " sends out numerous runners under ground, which con- 
tinually rise into small stems, and form a growtli around the parent-tree.” 
The varieties of the cabbage which produce heads in Europe fail to do so 
in certain tropical countries.® The Hhododtndmn cUintum produced at 
Kow flowers so much larger and paler-colourcd than those which it bears 
on its native Himalayan mountain, that Dr. Hooker •• would hardly have 
recognised the species by the flowers alone. Many similar facts with 
respect to the colour and size of flowers could bo given. 

The experiments of Vilmorin and Buckman on carrots .and parsnips 
prove that abundant nutriment produces a definite and inheritable effect 
on the so-called roots, with scarcely any change in other parts of the plant. 
Alum directly influences the colour of the flowers of the Hydrangea.® 
Dryness seems generally to favour the hairyness or villosity of plants. 
Gartner found that hybrid Verbascums became extremely woolly when 
grown in pots. Mr. Masters, on the other hand, states tlrnt tho Ojmntm 
kiKotricha “is well clothed with beautiful white hairs when grown in a 
“ damp heat ; but in a dry heat exhibits none of this peculiarity.” » SUght 
variations of many kinds, not worth specilying in detail, are retained only as 
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long as plants are grown in certain soils, of which Sagerot” gives from his 
own experienco some instances. Odart, who insists strongly on the per- 
manence of the varieties of the grape, admits* that some varieties, when 
grown under a different climate or treated differently, vary in an e^mely 
slight degree, as in the tint of the fruit and in the period of ripening 
Some authors have denied that grafting causes even the slightest differ^ 
in the scion; but there is sufficient evidence that the fruit is sometimes 
slightly affected in size and flavour, the leaves in duration, and the flowers 
in appearance.* 

With animals there can he no doubt, from the facts given in the first 
chapter, that European dogs deteriorate in India, not only in their instincts 
but in structure ; but the changes wlrich they undergo are of such a 
nature, that they may be partly due to reversion to a primitive form 
as in the case of feral animala In parts of India the turkey becomes 
reduced in size, “ with the pendulous appendage over tlie beak enormously 
developed.”" We have seen how soon the wild duck, when domesticated, 
loses its true character, from the effects of abimdant or changed food, or 
from taking little exercise. From the direct action of a humid climate 
and poor pasture the horse rapidly decreases in size in the Falkland 
Islands. From information which I have received, this seems likewise te 
be the case to a certain extent with sheep in Australia. 

Climate definitely influences the hairy covering of animals ; in the West 
Indies a great change is produced in the fleece of sheep, in about three 
generations. Dr. Falconer states” that the Thiliet mastiff and goat, when 
brought down from the Himalaya to Kashmir, lose their fine wool. At 
Angora not only goats, but shopherd-dogs and cats, have fine fleecy hair, 
and Mr. Ainsworth" attributes the thickness of the fleecy to the severe 
winters, and its silky lustre to the hot summers. Bumes states positively” 
that tho Kai-akool sheep lose their peculiar black curled fleeces when 
removed into any other country. Even witliin tho limits of England, 
I have been assured that with two breeds of sheep tho wool was slightly 
changed by the flocks being pastured in different localities." It has been 
asserted on good authority" that horses kept during several years in the 
deep coal-mines of Belgium become covered with velvety hair, almost like 
that on tho mole. These cases probably stand in close relation to tho 
natural change of coat in winter and sununer. Naked varieties of several 
domestic animals have occasionally apixared; but there is no reason to 
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believe that this is in any way related to the nature of the climate to which 
they have been exposed.* 

It appears at first sight probable that the increased size, the tendency to 
fatten, the early maturity and altered forms of our improved cattle, sheep, 
and pigs, have directly resulted from their abundant supply of food. This 
is the opinion of many competent judges, and probably is to a great extent 
true. But as far as form is concerned, we must not overlook the equal 
or more potent influence of lessened use on the limbs and lungs. We sec, 
moreover, as tar as size is concerned, that selection is apparently a more 
powerful agent than a large supply of food, for wo can thus only account 
for the existence, ns remarked to me by Mr. Blyth, of the largest and 
smallest breeds of sheep in the same country, of Ckrchin-Cliina fowls and 
Bantams, of small Tumbler and large Bunt pigeons, all kept together and 
supplied with abundant nourishment. Nevertheless there can bo little 
doubt tliat our domesticated animals have been modified, independently 
of the increased or lessened use of parts, by the conditions to which 
they have been subjected, without the aid of selectiom For instance, Profi 
IlUtimcycr* shows tliat the hones of all domesticated quadrupeds can be 
distinguished from those of wild animals by tlie state of their surface 
and general appearance. It is scarcely possible to read Nathnsins’s excel- 
lent ‘ Torstudien,’* and doubt that, with the highly improved races of 
the pig, abundant food has produced a conspicuous effect on the general 
form of the body, on the breadth of the head and face, and even on the 
tooth. Nathusius rests much on the case of a purely bred Berkshire pig, 
which when two months old became diseased in its digestive organs, and 
was preserved for oliaervation until nineteen months old ; at this ago it ha<t 
lost several characteristic features of the breed, and had acquired a long, 
narrow head, of large size relatively to its small body, and elongated legs. 
But in this case and in some others we ought not to assume that, because 
certain characters are lost, perhaps tluough reversion, rmdor one course 
of treatment, therefore that they hod been at first directly produced by an 
opposite course. 

In the case of the rabbit, which has become feral on the island of Porto 
Santo, wo are at first strongly tempted to attribute the whole change— 
the greatly reduced size, tire altered tints of the fur, and the loss of certain 
characteristic marks— to the definite action of the new conditions to which 
it has lieen exposed. But in all such cases we have to consider in addition 
the tendency to reversion to progenitors more or less remote, and the 
natural selection of the finest shades of difiercnce. 

The nature of the food sometimes either definitely induces certain pecu- 
liarities, or stands in some close relation with them. Pallas long ago 
asserted that the fat-tailed sheep of Siberia degenerated and lost their enor- 
mous tails when removed fixim certain saline pastures; and recently 
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It would bo travelling beyond my proper limits hero to discuss how far 
organic beings in a state of nature are definitely modified by cliangod con- 
ditions. In ray ‘Origin of Species’ I have given a brief abstract of the 
facts bearing on tliis point, and have shown the influence of light on the 
colours of birds, and of residence near the sea on the lurid tints of insects, 
and on the snccnlency of plants. Mr. Herbert Spencer" has recently dis- 
cussed with much ability this whole subject on brood and general grounds. 
Ho argues, for instance, that with all animals the external and internal 
tissu(» are differently acted on by the surrounding conditions, and they 
invariably differ in intimate structure. So again the npixsr and lower sur- 
faces of true leaves, as well as of stems and petioles, when those assume the 
function and occupy the position of leaves, are differently circumstanced 
with respect to light, &c., and apparently in consequence differ in struc- 
ture. But, as Mr. Herbert Spencer admits, it is most difficult in all such 
cases to distinguish liotween the effects of the definite action of physical 
conditions and the accumulation through natural selection of inherited 
variations which are serviceable to the organism, and which have arisen 
indoiiendently of the definite action of those conditions. 



Although we are not hero concerned with organic beings in 
a state of nature, yet I may call attention to one case. Mr. 
Sfeohan," in a remarkable paper, compares twenty-nine kinds of 
American trees, belonging to various orders, with their nearest 
Eiiroiiean allies, all grown in close proximity in the same garden 
and under as nearly as possible the same conditions. In the 
American species 3Ir. Jlcohan finds, with the rarest exceptions, 
tliat the leaves fall earlier in the season, and assume before 
falling a brighter tint; that they are less deeply toothed or 
siwrated ; that the buds are smaller ; that the trees are more 
diffuse in growth and have fewer branchlets ; and, lastly, that 
the seeds are smaller — all in comparison with the corresponding 
European species. Now, considering that these trees belong to 
distinct orders, it is out of the question that the peculiarities 
just specified should have been inherited in the one continent 
from one progenitor, and in the other from another progenitor ; 
and considering that the trees inhabit widely difiereut stations, 
these peculiarities can hardly be supposed to be of any special 
of food on catcrpillora, tte a curious 
account by M. Micbciv. in 'Bull do I. 

Soc, Imp. d’Acclimai 

For analogous facts from DolilbJim 
Hymenoptera, aai Westwood’s ‘ Modem 

Dr. L. Miiller, ‘ Dio Abliangigkeit di i 
" ■ Tlic rriiiciplcs of Biology,’ vol 



i. IStJS. The present chapters were 
iu... ue IB written before I had read Mr. Hcr- 
iii. p. 563. bert Spencer’s work, so tliat I have not 



d otherwise probably bavo 



Darwin Online: By permission i 






! Natural History Museum (London) 



1 



282 DEFINITE ACTION OP THE Ciiap. XXIU. 

service to the two series in the Old and New Worlds ; there- 
fore these peculiarities cannot have been naturally selected. 
Hence we are led to infer that they have been definitely caused 
by the long-continued action of the different climate of the two 
continents on the trees. 

GatU . — Another class of facts, not relating to cultivated 
plants, deserves attention. I allude to the production of galls. 
Every one knows the curious, bright-red, hairy productions on 
the wild rose-tree, and the various diflerent galls produced 
by the oak. Some of the latter resemble fruit, with one face as 
rosy as the rosiest apple. These bright colours can be of no 
service either to the gall-forming insect or to the tree, and 
probably are the direct result of the action of the light, in the 
same manner as the apples of Nova Scotia or Canada are 
brighter coloured than English apples. The strongest upholder 
of the doctrine that organic beings are created beautiful to please 
mankind would not, I presume, extend this view to galls. Ac- 
cording to Osten Sacken’s latest revision, no less than fifty-eight 
kinds of galls are produced on the several species of oak, by Cynips 
with its sub-genera ; and Mr. B. D. Walsh" states that he can 
add many others to the list. One American species of willow, 
the Salix humilU, bears ten distinct kinds of girils. The leaves 
which spring from the galls of various English willows differ 
completely in shape from the natural leaves. The young shoots 
of junipers and firs, when punctured by certain insects, yield 
monstrous growths like flowers and cones; and the flowers of 
some plants become from the same cause wholly changed in 
appearance. Galls are produced in every quaiter of the world ; 
of several sent to me by Mr. Thwaites from Ceylon, some were as 
symmetrical as a composite flower when in bud, others smooth 
and spherical like a berry ; some protected by long spines, 
others clothed with yellow wool formed of long cellular hairs, 
others with regularly tufted hairs. In some galls the internal 
structure is simple, but in others it is highly complex; thus 
M. Lucaze-Duthiers*' has figured in the common ink-gall no 
less than seven concentric layers, composed of distinct tissue. 

See Mr. B. D. Walsh's excellent ^8 ggg jjjj admirable Histoire dee 
papers in ‘ Proc. Entomolog. Soc. Phila- Galles, in ' Aunal. dee Sc. Nat BoU’ 
delphia,’ Dec. 1806, p. ‘284. With respect 3rd series, tom. xix., 1853, p. 273. 

to the willow, see idem, 1864, p. 546. 
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iiamolf, the epidermic, sub-epidermic, spongy, intermediate, 
and the hard protective layer formed of curiously thickened 
woody cells, and, lastly, the central mass abounding with starch- 
granules on which the larvae feed. 

Galls are produced by imsects of various orders, but the 
greater number by species of Cynips. It is impossible to read 
M. Lucaze-Duthicr’s discussion and doubt that the poisonous 
secretion of the insect causes the growth of the gall, and every 
one knows how virulent is the poison secreted by wasps and 
bees, which belong to the same order with Cynips. Galls grow 
with extraordinary rapidity, and it is said that they attain their 
full size in a few days it is certain that they are almost com- 
pletely developed before the larvm are hatched. Considering 
that many gall-insects are extremely small, the drop of secreted 
iwison must bo excessively minute ; it probably acts on one 
or two cells alone, which, being abnormally stimulated, rapidly 
increase by a process of self-division. Galls, as Mr. Walsh *> 
remarks, afford good, constant, and definite characters, each kind 
keeping as true to form as does any independent organic being. 
This fact becomes still more remarkable when we hear that, for 
instance, seven out of the ten different kinds of galls produced 
on Salix humilis are formed by gall-gnats {Cecidomyidis) which, 
“ though essentially distinct species, yet resemble one another 
“ so closely that in almost all cases it is difficult, and in some 
“ cases impossible, to distinguish the full-grown insects one from 
“ the other.”’' For in accordance with a wide-spread analogy 
we may safely infer that the poison secreted by insects so closely 
allied would not differ much in nature ; yet this slight difference 
is sufficient to induce widely different results. In some few 
cases the same siiecies of gall-gnat produees on distinct species 
of willows galls which' cannot be distinguished; the Cffmjta 
fecundatrix, also, has been knowm to produce on the Turkish 
oak, to which it is not properly attached, exactly the same kind 
of gall as on the Eurojieau oak.“ These latter facts apparently 
prove that the nature of the poison is a much more lowerful 



* Kirby and Spence's ‘ Entomology,* 
1818, Tol. i. p. 450; Luenzo-Dutbiers, 

“ ‘Proc. Entomolog. Soo. Philn- 
dolphia,' 1864, p. 558. 



“ Mr. B. D. Walsh, idem, p. 633 ; and 
Doc. 1866, p. Wo. 

« Mr. B. D. Walsh, idem, 1864, p. 
Sl5, 411, 495; and Dec. 1866, p. 278. 
Set also Lucazo-Dutluois. 
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agent in determining the form of the gall than the specific 
character of the tree wliich is acted on. 

As the poisonous secretion of insects belonging to Tarious 
orders has the special power of affecting the growth of various 
plants;— as a slight difference in the nature of the poison suffices 
to produce widely different results ; — and lastly, as we know tliat 
the chemical compounds secreted by plants are eminently liable 
to be modified by changed conditions of life, we may believe 
it possible that various parts of a plant might be modified 
through the agency of its own altered secretions. Compare, for 
instance, the mossy and viscid calyx of a moss-rose, wlfich sud- 
denly appears through bud-variation on a Provence-rose, with 
the gaU of red moss growing from the inoculated leaf of a wild 
rose, with each filament symmetrically branched like a micro- 
scopical spruce-fir, bearing a glandular tip and secreting odo- 
riferous gummy matter.” Or compare, on the one hand, the 
fruit of the peach, with its hairy skin, fleshy covering, hard 
shell and kernel, and on the other hand one of the more 
complex galls with its epidermic, spongy, and woody layers, 
surrounding tissue loaded with starch granules. These normal 
and abnormal structures manifestly present a certain degree 
of resemblance. Or, again, reflect on the cases above given of 
parrots which have had tlieir plumage brightly decorated through 
some change in their blood, caused by having been fed on 
certain fishes, or locally inoculated with the poison of a toad. 
I am far from wishing to maintain that the moss-rose or the 
hard shell of the peach-stone or the bright colours of birds 
are actually due to any chemical change in the sap or blood; 
but these cases of galls and of parrots are excellently adapted 
to show us how powerfully and singularly external agencies 
may affect structure. With such facts before us, we need 
feel no surprise at the appearance of any modification in any 
organic being. 

I may, also, here allude to the remarkable effects which parasitic fungi 
sometimes produce on plants. Reissok” has described a Tbesium, affected 
by an CEcidium, which was greatly moebfied, and ngginnAd some of the 

“ Lncazo-Dutliiere, Mem, pp. 325, 328. 

** ‘Linmc< vol. xvii., 1813; quoted by Dr. M. T. Masters Itoyal Institution, 
March 10th, 1800. 
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characteristic features of certain allied species, or even genera. Suppose 
says Iteissefc, “ the condition originally caused by the fungus to become 
" constant in the course of time, the plant would, if found growing wild 
“ bo considerod as a distinct species or even as belonging to a new genus.’’ 
1 quote tliis remark to show how profoundly, yet in how natural a manner 
this plant must have been modifl^ by the parasitic fungus. 

Facts and Considerations opposed to the helUf that the Conditions 
of Life act in a potent manner in causing definite Modifications 
of Structure. 

I Lave alluded to the slight differences in species when 
naturally living in distinct countries under different conditions ■ 
and such differences wo feel at first inclined, probably to a 
limited extent with justice, to attribute to the definite action 
of the surrounding conditions. But it must bo borne in mind 
that there are a far greater number of animals and plants which 
range widely and have been exposed to great diversities of 
conditions, yet remain nearly uniform in character. Some 
authors, as previously remarked, account for the varieties of our 
eulinary and agricultural plants by the definite action of the con- 
ditions to which they have been exposed in the different parts 
of Great Britain; but there are about 200 plants" which are 
found in every single English county ; these plants must have 
been exposed for an immense period to considerable differences 
of climate and soil, yet do not differ. So, again, some birds, 
insects, other animals, and plants range over large jwrtions of 
the world, yet retain the same character. 

Notwithstanding the facts previously given on the occurrence of highly 
peculiar local diseases and on tho strange modifications of structure in 
plants caused by the inoculated poison of insects, and other analogous 
c^; still there are a multitude of variations— such os the modified skull 
of the niata ox and bulldog, tho long horns of Caffre cattle, tho conjoined 
^ of the solid-hoofed swine, the immense crest and protuberant skull of 
Polish fowls, the crop of the pouter-pigeon, and a host of other such cases 
—which wo can hardly attribute to the definite action, in the sense before 
specified, of the external conditions of life. No doubt in every case there 
must have bron some exciUng cause ; but as we see innumerable indivi- 
duals exposed to nearly the same conditions, and one alone is affected, we 
may conclude that the constitution of the individual is of far bi gbpr 

“ Hewett 0. Watson, ‘ Cybcle Btilannica,’ vol. i., 1»47, p. 11. 
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importance than the conditions to which it has been exposed. It seems 
indeed, to bo a general rule that conspicuous variations occur rarely' 
and in one individual alone out of many thousands, though all may 
have been exposed, as far os wo can judge, to nearly the same conditions. 
As the most strongly marked variations graduate insensibly into the most 
trifling, wo are led by the same train of thought to attribute each slight 
variation much more to innate differences of constitution, however caused 
than to the definite action of the surrounding conditions. 

We are led to the same concljision by considering the cases, formerly 
alluded to, of fowls and pigeons, which have varied and will no doubt go 
on varying in directly opposite ways, though kept during many genera- 
tions under nearly the same conditions. Some, for instance, are bom with 
their beaks, wings, tails, legs, &C., a little longer, and others with these 
same parts a little shorter. By the long-continued selection of such 
slight individual differences, which occur in birds kept in the same aviary, 
widely different races could certainly bo formed; and long-continued 
selection, important as is the result, does nothing but preserve the variations 
which appear to us to arise spontaneously. 

lu these cases we see that domesticated animals vary in nn indefinite 
number of particulars, though treated as uniformly as is possible. On the 
other hand, there are instances of animals and plants, which, though exposed 
to very different conditions, both under nature and domestication, have 
varied in nearly the same manner. Mr. Layard informs mo tliat he has 
observed amongst the Caffres of South Africa a dog singularly like an 
arctic Esquimaux dog. Pigeons in India present nearly the same wide 
diversities of colour as in Europe ; and I have seen chequered and simply 
barred pigeons, and pigeons with blue and white loins, from Sierra Leraie, 
Madeira, England, and India. New varieties of flowers are continnally 
raised in different ports of Great Britain, but many of these are found by 
the judges at our exhibitions to bo almost identical with old varieties. A 
vast number of new fruit-trees and culinary vegetables have been pro- 
duced in North America; these differ from European varieties in the 
some general manner as tlie several varieties raised in Europe differ from 
each other; and no one has over protended that tlie climate of America 
has given to the many American varieties any general character by which 
they can be recognised. Nevertheless, from the facts previously advanced 
on the authority of Mr. Meehan with respect to American and European 
forest-trees, it would be rash to affirm that varieties raised in the two 
countries would not in the course of ages assume a distinctive character. 
Mr. Masters has recorded a striking fact”* bearing on this subject; ho 
raised numerous plants of HyhUcut Syriacm from seed collected in South 
Carolina and the Holy Land, where the parent-plants must have been 
exposed to considerably different conditions ; yet the seedlings from both 
localities broke into two similar strains, one with obtuse loaves and purple 
or crimson flowers, and the other with elongated leaves and more or loss 
pink flowers. 

•« • Gardener’s Chronicle,’ 1857, p. 029. 
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We may, also, infer the prepotent influence of the constitution of the 
organism over the definite action of the conditions of life, from tho several 
cases given in the earlier chapters of parallel series of varieties,— an im- 
portant subject, hereafter to be more fully discussed. Sub-varieties of 
the several kinds of wheat, gourds, peaches, and other plants, and to a 
certain limited extent sub-varieties of the fowl, pigeon, and dog, have l)oen 
shown either to resemble or to diflcr from each other in a closely corre- 
sponding and parallel maimer. In other eases, a variety of one species 
resembles a distinct species ; or the varieties of two distinct species resemble 
each other. Although these parallel resemblances no doubt often result from 
reversion to tho former characters of a common progenitor ; yet in other 
cases, when new characters first appear, the resemblance must bo attributed 
to tbe inheritance of a similar constitution, and consequently to a tendency 
to vary in tho same manner. We see something of a similar kind in the 
same monstrosity appearing and reappearing many times in tho same animal, 
and, as Dr. Maxwell Masters has remarked to me, in the same plant. 

\Vc may at least conclude thus far, that the amount of molli- 
fication which animals and plants have undergone under domes- 
tication, does not correspond with the degree to which they 
have been subjected to changed circumstances. As we know 
the parentage of domesticated birds far better than of most 
quiwlruiieds, we will glance through the list. The pigeon has 
varied in Europe more than almost any other bird ; yet it is a 
native simcies, and lias not been exjmsed to any extraordinary 
change of conditions. The fowl has varied equally, or almost 
equally, with the pigeon, and is a native of the hot jungles of 
India. Neither the peacock, a native of tho same country, nor 
the guinea-fowl, an inhabitant of the dry deserts of Africa, has 
varied at all, or only in colour. The turkey, from Mexico, has 
varied but little. The duck, on the other hand, a native of 
Euro^, has yielded some well-marked races ; and as this is an 
aquatic bird, it must have been subjected to a far more serious 
change in its habits than the pigeon or even the fowl, which 
nevertheless have varied in a much higher degree. The goose, 
a native of Europe and aquatic like the duck, has varied less 
than any other domesticated bird, except the peacock. 

Bud-variation is, also, important under our present point of 
view. In some few cases, as when all the eyes or bods on tho 
same tuber of tlio potato, or aU the fruit on the same plum- 
tree, or all the flowers on the same plant, have suddenly 
varied in the same manner, it might be argued that the vario- 
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tion had been definitely caused by some change in the conditions 
to which the plants had been exposed ; yet, in other cases, such 
an admission is extremely difificult. As new characters some- 
times appear by bud-variation, which do not occur in the parent- 
species or in any allied species, wo may reject, at least in these 
cases, the idea that they are due to reversion. Now it is well 
worth while to reflect maturely on some striking case of bud- 
variation, for instance that of the peach. This tree has been 
cultivated by the million in various parts of the world, has been 
treated differently, grown on its oivn roots and grafted on various 
stocks, planted as a standard, against a wall, and under glass; 
yet each bud of each sub-variety keeps true to its kind. But 
occasionally, at long intervals of time, a 'tree in England, or 
under the widely-ditferent climate of Virginia, produces a single 
bud, and tliis yields a branch which ever afterwards bears nec- 
tarines. Nectarines differ, as every one knows, from peaches 
in their smoothness, size, and flavour ; and the differenee is so 
great, that some botanists have maintained that they are speci- 
fically distinct. So permanent are the characters thus suddenly 
acquired, that a nectarine produced by bud-variation has pro- 
pagated itself by seed. To guard against the supjwsition tliat 
there is some fundamental distinction between bud and seminal 
variation, it is well to bear in mind that nectarines have like- 
wise been produced from the stone of the peach ; and, reversely, 
peaches from the stone of the nectarine. Now is it possible to 
conceive external conditions more closely alike than those to 
which the buds on the same tree are exposed? Yet one bud 
alone, out of the many thousands borne by the same tree, has 
suddenly without any apparent cause produced a nectarine. But 
the case is even stronger than this, for the same flower-bud 
has yielded a fruit, one-half or one-quarter a nectarine, and 
the other half or three-quarters a peach. Again, seven or eight 
varieties of the peach have yielded by bud-variation nectarines: 
the nectarines thus produced, no doubt, differ a little from 
each other; but still they are nectarines. Of course there 
must be some cause, internal or external, to excite the peach- 
bud to change its nature ; but I cannot imagine a class of facts 
better adapted to force on our minds the conviction that what 
we call the external conditions of life are quite insignificant in 
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relation to any particular variation, in comparison with the 
organisation or constitution of the being which varies. 

It is known from the labours of Geoffrey St. Hilaire, and 
recently from those of Dareste and others, that eggs of the fowl, 
if shaken, placed upright, perforated, covered in part with 
varnish, &c., produce monstrous chickens. Now these monstro- 
sities may be said to be directly caused by such uimatural con- 
ditions, but the modifications thus induced are not of a definite 
nature. An excellent observer, M. Camille Dareste,” remarks 
“ that the various species of monstrosities are not determined 
“by sjiecific canses; the external agencies which modify the 
“development of the embryo act solely in causing a pertur- 
“bation — a perversion in the normal course of development.” 
He compares the result to what we see in illness : a sudden chill, 
for instance, affects one individual alone out of many, causing 
either a cold, or sore-throat, rheumatism, or inflammation of the 
lungs or pleura. Contagious matter acts in an analogous manner.“ 
We may take a still more specific instance : seven pigeons were 
struck by rattle-snakes;” some suffered from convulsions; some 
had their blood coagulated, in others it was perfectly fluid ; some 
showed ecchymosed spots on the heart, others on the intestines, 
&c. ; others again showed no visible lesion in any organ. It is 
well known that excess in drinking causes different diseases in 
different men ; but men living under a cold and tropical chmate 
are differently affected : * and in this case we see the definite 
influence of opposite conditions. The foregoing facts apparently 
give us as good an idea as we are likely for a long time to 
obtain, how in many cases external conditions act directly, though 
not definitely, in causing modifications of structure. 

Summary . — There can be no doubt, from the facts given in 
the early part of tliis chapter, that extremely slight changes in 

‘ M^moiro sur la Production Arti- 
iicicllo des Monstrositeg/ 1862, pp. 8-12 ; 

‘Bechcrches sur les Oouditious, &c., 

Chez Ics Monstres,’ 1863, p. 6. An ab- 
stract is given of Gcuff^y'a Experi- 
ments by his son, in his ‘ Vie, Travaux, 

&c.,’ 1847, p. 290. 

** Paget, ‘Lectures on Surgical 
VOL. II. 



Pathology,* 1853, vol i. p. 483. 

tlie BatUe-snake,’ ^n. 1861, by Dr! 
Mitchell, p. 67. 

Sir. Sedgwick, in 'British and 
Foreign Medico-Chiruig. Review,' July, 
1863, p. 175. 
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the conditions of life sometimes act in a definite manner on 
our already variable domesticated productions ; and, as tlie action 
of changed conditions in causing general or indefinite varia- 
bility is accumulative, so it may be with their definite action. 
Hence it is possible that great and definite modifications of struo- 
ture may result from altered conditions acting during a long 
series of generations. In some few instances a marked eflect 
has been produced quickly on all, or nearly aU, the individuals 
which have been exposed to some considerable change of climate, 
food, or other circumstance. This has occurred, and is now 
occurring, with European men in the United States, with Euro- 
pean dogs in India, with horses in the Falkland Islands, appa- 
rently with various animals at Angora, with foreign oysters 
in the Mediterranean, and with maize grown in Europe from 
tropical seed. We have seen that the chemical compounds 
secreted by plants and the state of their tissues are readily 
affected by changed conditions. In some cases a relation ap|)a- 
rently exists between certain characters and certain conditions, 
so that if tlio latter bo changed the character is lost — as with 
cultivated flowers, with some few culinary plants, with the fruit 
of the melon, with fat-tailed sheep, and other sheep having 
peculiar fleeces. 

The production of galls, and the change of plumage in parrots 
when fed on peculiar food or when inoculated by the poison of a 
toad, prove to us what great and mysterious changes in structure 
and colour may be the definite result of chemical changes in the 
nutrient fluids or tissues. 

We have also reason to believe that organic beings in a state 
of nature may be modified in various definite ways by the con- 
ditions to which they have been long exposed, as in the case 
of American trees in comparison with their representatives in 
Europe. But in all such cases it is most difficult to distinguish 
between the definite results of changed conditions, and the ac- 
cumulation through natural selection of serviceable variations 
which have arisen independently of the nature of the conditions. 
If, for instance, a plant had to be modified so as to become fitted 
to inhabit a humid instead of an arid station, wo have no reason 
to believe that variations of the right kind would occur more 
frequently if the parent-plant inhabited a station a little more 
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humid than usual. Whether the station was unusually dry or 
humid, variations adapting the plant in a slight degree for 
directly opposite habits of life would occasionally arise, as wo 
have reason to believe from what we know in other cases. 

In most, perlmps in all cases, the organisation or constitution 
of the being which is acted on, is a much more important 
element thou the nature of the changed conditions, in deter- 
mining the nature of the variation. We hove evidence of this 
in the appearance of nearly similar modifications under difierent 
conditions, and of different modifications under apparently nearly 
the same conditions. Wo have still better evidence of this in 
closely parallel varieties being frequently produced from distinct 
races, or even distinct species, and in the frequent recurrence 
of the same monstrosity in the same species. We have also seen 
that the degree to which domesticated birds have varied, docs 
not stand in any close relation with the amount of change to 
which they have been subjected. 

To recur once again to bud-variations. When we reflect on 
the millions of buds which many trees have produced, before 
some one bud has varied, we are lost in wonder what the 
precise cause of each variation can be. Let us recall the case 
given by Andrew Ifnight of the forty-year-old tree of the yellow 
magnum bonum plum, an old variety which has been propagated 
by grafts on various stocks for a very long period throughout 
Luropo and North America, and on which a single bud sud- 
denly produced the red magnum bonum. We should also 
boar lu rnind that distinct varieties, and even distinct spe- 
cies, as in the case of peaches, nectarines, and apricots, — 
of certain roses and camellias,-although separated by a vast 
number of generations from any progenitor in common, and 
although cultivated under diversified conditions, have yielded 
by bud-variation closely analogous varieties. When we reflect 
ese iwts wo become deeply impressed with the conviction 
that in such cases the nature of the variation depends but little 
on the conditions to which the plant has been exposed, and not 
m any especial manner on its individual character, but much 
more on t e general nature or constitution, inherited from some 
remote progenitor, of the whole group of allied beings to which 
the plant belongs. We are thus driven to conclude that in most 
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cases the conditions of life play a subordinate part in causing 
any particular modification; like that which a spark plays, 
when a mass of combustibles bursts into flame — the nature of 
the flame depending on the combustible matter, and not on the 
spark. 

No doubt each slight variation must have its efficient cause; 
but it is as hopeless an attempt to discover the cause of each 
as to say why a chill or a poison affects one man differently 
from another. Even with modifications resulting from the 
definite action of the conditions of life, when all or nearly all 
the individuals, which have been similarly exposed, are simi- 
larly affected, we can rarely see the precise relation between 
cause and effect In the next chapter it will be sho>vn that 
the increased use or disuse of various organs, produces an 
inherited effect. It will further be seen that certain variations 
are bound together by correlation and other laws. Beyond this 
we cannot at present explain either the causes or manner of 
action of Variation. 

Finally, as indefinite and almost illimitable variability is the 
usual result of domestication and cultivation, with the same part 
or organ varying in different individuals in different or even 
in directly opposite ways ; and as the same variation, if strongly 
pronounced, usually recurs only after long intervals of time, any 
particular variation would generally be lost by crossing, rever- 
sion, and the accidental destruction of the varying individuals, 
unless carefully preserved by man. Hence, although it must 
be admitted that new conditions of life do sometimes definitely 
affect organic beings, it may be doubted whether well-marked 
races have often been produced by the direct action of changed 
conditions without the aid of selection cither by man or 
nature. 
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CHAPTER XXIV. 

LAWS OF VARIATIOK — USE AND DISUSE, ETC. 




In this and the two following chapters I shall discuss, as well 
as the difficulty of the subject permits, the several laws which 
govern Variability. These may be grouped under the effects of 
use and disuse, including changed habits and acclimatisation — 
an-csts of development — correlated variation — the cohesion of 
homologous parts — the variability of multiple parts — compensa- 
tion of growth — tile position of buds with respect to the axis 
of the plaut — aud lastly, analogous variation. These several 
subjects so graduate into each other that their distinction is 
often arbitrary. 

It may be convenient first briefly to discuss that co-ordinating 
and reparative power which is common, in a higher or lower 
degree, to all organic beings, and which was formerly desig- 
nated by physiologists as the nimus formatims. 



Blumenbach and others* have insisted that the principle which permits 
a Hydra, when cut into fragments, to develop itself into two or more 
perfect animals, is the same with that which causes a wound in the higher 
animals to heal hy a cicatrice. Such cases as that of the Hydra ore 
evidenUy analogous with the spontaneous division or flssiparous generation 
of the lowest animals, and likewise with the budding of plants. Between 
there extreme cases and that of a mere cicatrice we have every gradation. 
S|)allanzani, by cutting off the legs and tail of a Salamander, got in the 
amrso of throe months six crops of these members ; so that 687 perfect 
bones wore reproduced by one animal during one season. At whatever 



' ‘An Essay on Genemlion.’ Eng. 
translat. p. 18; Faget, ‘Lectures on 
Surgical Pathology,’ 1853, vol. i. p. 209. 



• ‘An Essay on Animal Reproduc- 
tion,’ Eng. translat., 1769, p. 79. 
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point tho limb was cut off, the deficient part, and no more, was ejtactlp 
reproduced. Even with man, as we have seen in Uie twelfth chapter 
when treating of polydactylism, tlie entire limb whilst in an embryonic 
state, and supernumerary digits, are occasionally, though imperfectly 
reproduced after amputation. When a diseased bone has been removed! 
a new one sometimes "gradually assumes the regular form, and all tho 
" attachments of muscles, ligaments, &c., become as complete as before.”' 

Tide power of regrowth does not, however, always act perfectly: the 
reproduced tail of a lizard differs in tho forms of the scales from the normal 
tail : with certain Orthopterous insects tho large hind If^s are reproduced 
of smaller size:* tho white cicatrice wldch in tho higher animals unites 
the edges of a deep wound is not formed of perfect skin, for clastic 
tissue is not produced till long afterwards.* “ The activity of the nism 
"/ormativus” says Blumenbach, "is in an inverse ratio to tho age of the 
“ organised body.” To this may bo added that its power is greater in 
animals the lower they are in the scale of organisation ; and animals low 
in the scale correspond with tho embryos of Idghcr animals belonging to 
the same class. Newport’s observations* afford a good illustration of this 
fact, for he found that " myriapods, whoso highest development scarcely 
" carries them teyond tho larvte of perfect insects, can regenerate limbs and 
" anteniuo up to tho time of their last moult and so can tho larvae of true 
insects, but not the mature insect. Salamanders correspond in develop- 
ment with the tadpoles or larvae of the tailless Batrachians, and both 
IXBsess to a large extent tlio power of regrowth; but not so tho mature 
tailless Batraebians. 

Absorption often plays an important part in tho repairs of injuries 
When a bone is broken, and does not unite, tho ends are absorbed and 
rounded, so that a false joint is formed ; or if the ends unite, but overlap, 
the projecting parts are removed.’ But absorption comes into action, os 
Virchow remarks, during the normal growth of bones ; parte which are 
solid diming youth become hollowed out for the medullary tissue as the 
bone increases in size. In trying to understand tho many well-adapted 
cases of regrowth when aided by absorption, we should remember that 
most parts of tho organisation, even whilst retaining tho same form, 
undergo constant renewal ; so that a part which was not renewed would 
naturally be liable to complete absorption. 

Some cases, usually classed under tho so-callod niaaa /onnatima, at first 
appear to como under a distinct head ; for not only are old structures 
reproduced, but structures which appear new are formed. Thus, after 
iutiammation " false membranes,” furnished with blood-vossols, lympliaties, 
and nerves, are developed ; or a foetus escapes from tho Fallopian tubes, 
and falls into tho abdomen, “ nature pours out a quantity of plastic 
" lymph, which forms itself into organised membrane, richly supplied with 
" blood-vessels,” and tlio foetus is noiuished for a time. In certain cases of 



Physiology, ’ IS.'H, p. 479. 

* Cluirlcsworth’s ‘ Mag. of Nat. Hist.,' 
vol. i.. 1837, p. 145. 



• Curpentor’s ‘Principles of Comp. * 
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hyarocephslns tho open nnd dangerous spaces in the skull are fllletl np with 
now bones, wliich interlock hy perfect serrated sutures.' But most physiolo- 
gists, especially on tho Continent, have now given up tlio belief in plastic 
lymph or blastema, nnd Virchow > maintains that every structure, now or old 
is formed by tho proliferation of pKMSxisting colls. On this view false mem- 
branes, like cancerous or other tumours, arc merely abnormal develop- 
ments of normal growths ; and wo can thus understand how it is that they 
resemble adjoining structures ; for instance, that false membrane in tho 
“ serous cavities acquires a covering of epithelium exactly like that which 
“ covers tho original serous membrane; adhesions of the iris may liocomo 
“ black apparently from tho production of pigmcnbcells like tlioso of tho 

No doubt tho power of reparation, though not always quite perfect, is an 
admirable provision, ready for various emergencies, even for those which 
ocoOT only at long intervals of time.'" Yet this power is not more won- 
derful thm tho growth and development of every single creature, more 
especially of those wliich arq propagated by fissiparous generation. This 
subject has been here noticed, because we may infor that, when any part 
or organ is either greatly increased in size or wholly suppressed through 
variation nnd continued selection, the co-ordinating power of the organisa- 
tion will continually tend to bring all the parts again into harmony with 
each other. 



On the Effecte of the Increased Use and Disuse of Organs. 

It is notorious, and we sliall immediately adduce proofs, that 
increased use or action strengthens muscles, glands, sense-orgau.s, 
&c. ; and that disuse, on the other hand, weakens them. I have 
not met with any clear explanation of this fact in works on 
Physiology. Mr. Herbert Spencer “ maintains that when muscles 
are much used, or when intermittent pressure is applied to tlie 
epidermis, an excess of nutritive matter exudes from the vessels, 
and that this gives additional development to tho adjoining 
parts. Tliat an increased flow of blood towards an organ leads 
to its greater development is probable, if not certain. Mr. 
Paget “ thus accounts for the long, thick, and dark-coloured hair 
which occasionally grows, even in young children, near old- 
standing inflamed surfaces or fractured bones. When Hunter 



iflcm CMOS are given by Blmncn- vol. i., 185S, p. 357. 
icb^m hia Esaay on Generation.' pp. ii Paget, idem, p. 150. 
•> K ‘ Tbo IMnciploa of 

• ‘Cellular Patl.ology,’ trans. by Dr. u. 18G6, chop. 3-5. 
iance,18U0,pp.27,«i. « • i;eeturee or 

“Paget, ‘Lceturea on Pathology,’ vol. i. p. 71. 



Biology,’ vol. 
Ptttliology,’ 1853, 



Darwin Online: By permission i 






! Natural History Museum (London) 



296 



LAWS OF VARIATION. 



P-XXIT. 



inserted the spur of a cock into the comb, which is well supplied 
with blood-vessels, it grew in one case in a spiral direction to a 
length of six inches, and in another case forward, like a horn, so 
that the bird could not tonch the gronnd with its beak. But 
whether Mr. Herbert Spencer’s view of the exudation of nutritive 
matter due to increased movement and pressure, will fully 
account for the augmented size of bones, ligaments, and espe- 
cially of internal glands and nerves, seems doubtful. Ac- 
cording to the interesting observations of M. Sedillot,'* when 
a portion of one bone of the leg or fore-arm of an animal is 
removed and is not replaced by growth, the associated bone 
enlarges till it attains a bulk equal to that of the two bones, of 
which it has to perform the functions. This is best exhibited 
in dogs in which the tibia has been removed ; the companion 
bone, which is naturally almost filiform and not one-fifth the size 
of the other, soon acquires a size equal to or greater than the 
tibia. Now, it is at first difficult to believe that increased weight 
acting on a straight bone could, by alternately increased and 
diminished pressure, cause nutritive matter to exude from the 
vessels which permeate the periosteum. Nevertheless, the obser- 
vations adduced by Mr. Spencer," on tbe strengthening of the 
bowed bones of rickety children, along their concave sides, leads 
to the belief that this is possible. 

Mr. H. Spencer has also shown that the ascent of the sap in 
trees is aided by the rocking movement caused by the wind; 
and the sap strengthens the trunk “ in proportion to the stress 
" to be borne ; since the more severe and the more repeated the 
“ strains, the greater must be the exudation from the vessels 
“ into the surrounding tissue, and the greater the thickening of 
“ this tissue by secondary deposits.” " But woody trunks may 
be formed of hanl tissue without their having been subjected 
to any movement, as we see with ivy closely attached to old 
walls. In all these cases, it is very difficult to disentangle the 
effects of long-continued selection from those consequent on 
the increased action or movement of the part. Mr. H Spencer" 
acknowledges this difficulty, and gives as an instance the spines 

“ ‘ Complcs Rondos,' Sept. 20fh, 1864, p. 539. 

“ * The Principles of Biology/ vol. ii. p. 243. 

" Idem, vol. ii. p. 289. >? ijem. voL ii. p. 273. 
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or thorns of trees, and the shells of nuts. Here we have ex-’ 
tremely hard woody tissue without the possibility of any move- 
ment to cause exudation, and without as far as we can see, any 
other directly exciting cause; and as the hardness of these 
parts is of manifest service to the plant, we may look at the 
result as probably due to the selection of so-called spontaneous 
variations. Every one knows that hard work thickens the 
epidermis on the hands ; and when we hear that with infants 
long before their birth the epidermis is thicker on the palms and 
soles of the feet than on any other part of tlie body, as was ob- 
served with admiration by Albiuus,'® we are naturally inclined 
to attribute this to the inherited effects of long-continued use 
or pressure. We are tempted to extend the same view even to 
the hoofs of quadrupeds; but who will pretend to determine 
how far natural selection may have aided in the formation of 
structures of such obvious importance to the animal ? 

That nse strengthens the muscles may be seen in the limbs of artisans 
who follow different trades ; and when a muscle is strengthened, tlie tendons, 
and the crests of bone to wliich they are attached, become eiilarged; and 
tliis must likewise be the case with the blood-vessels and nerves. On 
the other hand, when a limb is not used, as by Eastern fanatics, or when 
the nerve supplying it with nervous power is effectually destroyed, the 
muscles witlier. So again, when the eye is destroyed the optic nerve be- 
comes atrophied, sometimes even in the course of a few months.® The 
Proteus is furnished with branchiae as well as with iungs : and Sclireibcrs® 
found that when the animal was compelled to live in deep water the 
branchiae were developed to thrice their ordinary size, and the lungs were 
partially atrophied. When, on the other hand, the animal was compelled to 
live in shallow water, the lungs became larger and more vascular, whilst 
the branohiffl disappeared in a more or less complete degree. Such modifi- 
cations as these are, however, of comparatively little value for us, as we do 
not actually know that they tend to bo inherited. 

In many cases there is reason to believe that the lessened use of various 
organs has affected the corresponding parts in the offitpring. But there 
is no good evidence that this ever follows in the course of a single genera- 
tion. It appears, as in the case of general or indefinite variability, that 
several generations must bo subjected to changed habits for any appreci- 
able result. Our domestic fowls, ducks, and geese have almost lost, not 



'* Paget, ‘ Lectures on Pathology,’ 
vol. ii. p. 209. 

Miiller’s ‘Pliya.,’ Eng. tmndat., 
pp. 54, 791. Prof. Peed baa given 
(‘ Physiological and Auat Besearches,’ 



p. 10) a enrions account of the atrophy 
of tho limbs of rabbiU after the do- 
straction of the nerve. 

Quoted by Lccoq, in * Gcogmph. 
Bot,’ tom. L 1854, p. 182. 
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only in the individual bnt in the race, their power of flight ; for wo do 
not see a chicken, when frightened, take flight like a young pheasant. 
Hence I was led carefully to compare the limb-hones of fowls, ducks, pigeons 
and rabbits, with the some bones in the wild parent-species. As the’ 
measurements and weights were fully given in the earlier chapters, I need 
here only recapitulate the results. With domestic pigeons, the length of 
the sternum, the prominence of its crest, the length of the scapuho and 
furcnla, the length of the wings as measured from tip to tip of the radius, 
are all reduced relatively to the same parts in the wild pigeon. The wing 
and tail feathers, however, are increased in length, but this may liavo as 
httlo connection with the use of the wings or tail, as the lengthened hair 
on a dog with the amount of exercise wliich the breed has hahitnaliy 
taken. The feet of pigeons, except in the long-beaked races, are reduced 
in size. With fowls the crest of the sternum is less prominent, and is 
often distorted or monstrous ; the wing-bones have become lighter rela- 
tively to the leg-bones, and are apparently a little shorter in comparison 
with those of the parent-form, the Oallus bankim. With ducks, the crest 
of the sternum is affected in the same manner as in the foregoing cases: 
the furcula, coracoids, and scapuho are all reduced in weight relativeiy to 
the whole skeleton : the bones of tlie wings are shorter and lighter, and 
tlio bones of the legs longer and heavier, relatively to each other, andrela- 
tively to the whole skeleton, in comparison with the same bones in tlio 
wild-duck. The decreased weight and size of the bones, in the foregoing 
cases, is probably the indirect result of the reaction of the weakened 
muscles on the bones. I failed to compare the feathers of the wings of 
the tame and wild duck; but Gloger” asserts that in the wild duck the 
tips of the wing-feathers reach almost to the end of the tail, whilst in 
the domestic duck they often hardly reach to its base. He remarks, also, 
on the greater tiuckness of the legs, and says that the swimming mem- 
brane between the toes is reduced ; but I was not able to detect this latter 
difference. 

With the domesticated rabbit the body, together with the whole skeleton, 
is generally larger and heavier than in the wild animal, and the leg-bones 
are heavier in duo proportion ; but whatever standard of comparison bo 
taken, neither the leg-bones nor the scapulae have increased in length 
proportionally with the increased dimensions of the rest of the skeleton. 
The skull has become in a marked manner narrower, and, from the mea- 
surements of its capacity formerly given, wo may conclude, that this nar- 
rowness I^lte from the decreased size of the brain, consequent on the 
mentally inactive life led by these closely-confined animals. 

Wo have seen in the eighth chapter that silk-motlis, wMch have been 
kept during many centuries closely confined, emerge from their cocoons with 
their wings distorted, incapable of flight, often greatly reduced in size, or 
oven, according to Quatre%os, quite rudimentary. This condition of the 
wings may be largely owing to the same kind of monstrosity which often 
affects wild Lepidoptera when artificially reared from the cocoon ; or it may 



‘ Das Abhndem der Vogel,’ 1833, s. 74. , 
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bo in part duo to an inherent tendency, rrhich is common to the females 
of many Bombycidio, to have tlicir wings in a more or less nulimontary 
state; but part of the effect may probably bo attributed to long-continued 

From the foregoing facts there can be no doubt that certain 
parts of the skeleton in our anciently domesticated animals, 
have been modified in length and weight by the effects of 
decreased or increased use ; but they have not been modified, 
as shown in the earlier chapters, in shape or structure. We 
must, however, be cautious in extending this latter conclusion 
to animals living a free life ; for these will occasionally be ex- 
posed during successive generations to the severest competition. 
With wild animals it would be an advantage in the struggle for 
life that every superfluous and useless detail of structure should 
be removed or absorbed ; and thus the reduced bones might 
ultimately become changed in structure. With highly-fed do- 
mesticated animals, on the other hand, there is no economy of 
grovrth, nor any tendency to the elimination of trifling and 
superfluous details of structure. 

Turning now to more general observations, Nathusius has 
shown that, with the improved races of the pig, the shortened legs 
and snout, the form of the articular condyles of the occiput, and 
the position of the jaws with the upper canine teeth projecting in 
a most anomalous manner in front of the lower canines, may 
bo attributed to these parts not having been fully exercised. For 
the highly-cultivated races do not travel in search of food, nor 
root up the ground with their ringed muzzles. These modifica- 
tions of structure, which are all strictly inherited, characterise 
several improved breeds, so that they cannot have been de- 
rived from any single domestic or wild stock.®* With respect 
to cattle. Professor Tanner has remarked that the lungs and 
liver in the improved breeds “are found to bo considerably 
“ reduced in size when compared with those possessed by animals 
“ having perfect liberty;”** and the reduction of these organs 
afiecls the general shape of the body. The cause of the reduced 
lungs in highly-bred animals which take little exercise is ob- 

= Nutbaaiua, ‘Die Earen dee b. 103, 130, 133. 

Sfliwoiiios,' 1800, B. 53, 57 : ‘ Vor- o ■ journal of Agriculture of Higli- 
atudieu ScliwciucBchadcl,’ 1804, laud Sec.,’ July, 18C0, p. 32L 



Darwin Online: By permission of the Trustees of the Natural History Museum (London) 



LAWS OF VAKUTIOy. 



vious; and perhaps the liver may be affected by the nutritious 
and artificial food on which they largely subsist 



It is weU known that, when an artery is tied, the anastomosing branches 
from being forced to transmit more blood, increase in diameter ; and this 
increase cannot be accounted for by mere extension, ns their coats gain in 
strength. Mr. Herbert Spencer" has argued that with plants the flow of 
Mp from the point of supply to the growing part first elongates the colls 
in this line ; and that the cells then become confluent, thus forming the 
ducts ; so that, on this view, the vessels in plants are formed by the mutual 
reaction of the flowing sap and cellular tissue. Dr. W. Turner has re- 
marked," with respect to the branches of arteries, and likewise to a certain 
extent with nerves, that the great principle of compensation frequently 
comes into play; for " when two nerves pass to adjacent cutaneous areas 
" an inverse relation as regards size may subsist between them ; a deficiency 
" in one may be supplied by an increase in the other, and thus the area of 
“ the former may bo trespassed on by the latter nerve.” But how fiir in 
these cases the difiference in size in the nerves and arteries is duo to ori- 
ginal variation, and how iar to increased use or action, is not clear. 

In reference to glands, Mr. Paget observes that " when one kidney is 
“ destroyed the other often becomes much larger, and does double work.”" 
If we compare the size of the udders and their power of secretion in covs 
which have been long domesticated, and in certain goats in which the udders 
nearly touch the ground, with the size and power of secretion of these organs 
in wild or half-domesticatod animals, the diflerence is great. A good cow 
with us daily yields more than five gallons, or forty pints of milk, whilst 
a first-rate animal, kept, for instance, by the Damams of South Africa," 
“ rarely gives more than two or three pints of milk daily, and, should her 
" calf be taken from her, she absolutely refuses to give any.” We may 
attribute the excellence of our cows, and of certain goats, partly to 
the rontinued selection of the best milking animals, and p^ to the 
inherited eflccts of the increased action, through man’s art, of the secreting 



It is notorious, as was remarked in the twelfth chapter, that shori-sight 
M inherited; and if we compare watchmakers or engravers with, for 
instance, sailors, wo can hardly doubt that vision continually directed 
towards a nrar object permanently afiects the structure of the eye. 

Veterinarians are unanimous tliat horses become affected with spavins, 
splints, ringbones, &c., from being shod, and from travelling on hard roads, 
and they are almost equally unanimous tliat these injuries are transmitted. 
Formerly horses were not shod in North Carolina, and it has been asserted 
that they did not then suffer from these diseases of the legs and feet* 



" ‘Principles ofBiology,’vol.ii.p. 263. 

" ‘ Natui^ History Beview,’ vol. iv., 
Oct, 1864, p. 617. 

on Surgical Pathology,’ 

" Andersson, ‘ Travels in South 



Africa,’ p. 318. For analogous cases in 
South America, see Aug. St Hilaire. 
‘Voyage dans le Provinoo do Goyas,’ 
tom. i. p. 71. 
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Our domesticated quadrupeds are all descended, as far as is 
known, from species having erect ears; yet few kinds can be 
named, of which at least one race has not drooping ears. Cats 
in China, horses in parts of Russia, sheep in Italy and elsewhere, 
the guinea-pig in Germany, goats and cattle in India, rabbits, 
pigs, and dogs in all long-civilised countries, have dependent 
ears. With wild animals, which constantly use their ears 
like funnels to catch every passing sound, and especially to 
ascertain the direction whence it comes, there is not, as Jlr. 
Blyth has remarked, any species with drooping ears except 
the elephant. Hence the incapacity to erect the ears is cer- 
tainly in some manner the result of domestication ; and this 
incapacity has been attributed by various authors” to disuse, for 
animals protected by man are not compelled habitually to use 
their ears. Col. Hamilton Smith” states that in ancient effigies 
of the dog, “ with the exception of one Egyptian instance, 
“ no sculpture of the earlier Grecian era produces representations 
“ of hounds with completely drooping ears ; those with them half 
“ pendulous are missing in the most ancient; and this character 
“ increases, by degrees, in the works of the Roman period.” 
Godron also has remarked that “ the pigs of the ancient Egyptians 
“ had not their ears enlarged and pendent.”’* But it is remark- 
able that the drooping of the ears, though probably the effect 
of disuse, is not accompanied by any decrease in size; on the 
contrary, when we remember that animals so different as fancy 
rabbits, certain Indian breeds of the goat, our petted spaniels, 
bloodhounds, and other dogs, have enormously elongated ears. 
It would appear as if disuse actually caused an increase in len<dh 
With rabbits, tho drooping of the much elongated ears hai 
affected even the structure of the skull. 

The tail of no wild animal, as remarked to mo by Mr Blyth 
is curled ; whereas pigs and some races of dogs have their 
tails much curled. This deformity, therefore, appears to be the 
resu t of domestication, but whether in any way connected ivith 
the lessened use of the tail is doubtful. 

» Livin^too quoted by Yomtt on » ‘NalnraUst Library.-Dog,.voI. ii., 
Shoop, p. 142. Uoilgson, m ■ Journal 1840, p 104 

of AsioUo Soo. of Beugal,’ vol. xvL, » ’• ij. VE-Diico.’ tom i isa« „ 
1847, p. 1006, &c. &0. 367. ‘ tom. a, 18o9, p. 



Danwin Online: By permission i 






! Natural History Museum (London) 



302 



LAWS OF VAEIATION. 



Chap. XXIV. 



The epidermis on onr hands is easily thickened, as every one 
knows, by hard work. In a district of Ceylon tlie sheep have 
“ homy callosities that defend their knees, and wliich arise from 
“ their habit of kneeling down to crop the short herbage, and 
“ this distinguishes the Jaffna flocks from those of other portions 
“ of the island ; ” but it is not stated whether this peculiarity 
is inherited.® 

The mucous membrane which lines the stomach is continuous 
with the external skin of the body ; therefore it is not surprising 
that its texture should be effected by the nature of the Ibod 
consumed, but other and more interesting changes likewise 
follow. Hunter long ago observed that the muscular coat of the 
stomach of a gull {Larus tridactylus) which had been fed for a 
year chiefly on grain was thickened ; and, according to Dr. 
Edmondston, a similar change periodically occurs in the Shetland 
Islands in the stomach of the Larus argentatus, which in the 
spring feequenls the corn-fields and feeds on the seed. The 
same careful observer has noticed a great change in the stomach 
of a raven which had been long fed on vegetable food. In the 
case of an owl (Strix grallaria) similarly treated, Menetries states 
that the form of the stomach was changed, the inner coat became 
leathery, and the liver increased in size. Whether these modi- 
fications in the digestive organs would in the course of genera- 
tions become inherited is not known.® 

The increased or diminished length of the intestines, which 
apparently results from changed diet, is a more remarkable 
case, because it is characteristic of certain animals in their 
domesticated condition, and therefore must be inherited. The 
complex absorbent system, the blood-vessels, nerves, and muscles, 
are necessarily all modified together with the intestines. Ac- 
cording to Daubenton, the intestines of the domestic cat are 
one-third longer than those of the wild cat of Europe; and 
although this species is not the parent-stock of the domestic 
animal, yet, as Isidore Geoffroy has remarked, the several species, 

» ‘Oylon,’ by Sir J. E. Tonnent, as quoted in MocgilliTray's ‘Britt* 
1859, Tol. ii, p. 5,'tl. Biida,’ vol. T. p. 550 ; Menctria, m 

** For tlie foregoing statements, see quotcU in Brorm’s ‘ Gcscbichto ott 
Hunter’s • Essays and Observations/ Nutur/ B. iL s. 110. 

1801, vol. ii. p. 329; Br. Edmondston, 
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of eafsaro so closely allied that tho comparison is probably a fair 
one. The increased length appears to be due to tho domestic 
eat being less strictly carnivorous in its diet than any wild 
feline species; I have seen a French kitten eating vegetables 
as readily as meat. According to Cuvier, the intestines of 
the domesticated pig exceed greatly in proportionate lengtli 
those of tho wild boar. In tho tamo and wild rabbit tlio 
change is of an opposite nature, and probably results from the 
nutritious food given to the tamo rabbit.®* 



Changed Habitg of Life, independently of the Use ca Disuse 
of particular Orgrans. — Tliis subject, as far as tho mental 
powers of animals are concerned, so blends into instinct, on 
which I shall treat in a future work, that I will here only 
remind the reader of the many cases w hich occur under domes- 
tication, and which are familiar to every one — for instance tho 
tameness of our animals— the pointing or retrieving of dogs— 

their not attacking tho smaller animals kept by man ^and so 

forth. How much of these changes ought to be attributed to 
inherited habit, and how much to tho selection of individuals 
which have varied in the desired manner, irrespectively of the 
special circumstances under which they have been kept, can 
seldom be told. Wo have already seen that animals may be 
habituated to a changed diet ; but a few additional instances 
may here be given. 

In the Polynesian Islands and in China tho dog is fed exclu- 
sively on vegetable matter, and tho taste for this kind of 
food is to a certain extent inherited.” Our sporting dogs will 
not touch the bones of game birds, whilst other dogs devour 
them with greediness. In some parts of the world sheep have 
been largely fed on fish. The domestic hog is fond of barley, 
the wdd boar is said to disdain it; and tho disdain is partially 
inherited, for some young wUd pigs bred in captivity showed 
an aversaon for this grain, whilst others of tho same brood 
relished it.” One of my relations bred some young pigs from 
« Tlicso statements on tho intestines bonme,’ 1825, vol. ii. p. 121. 

MO taken from Isidore Gcoflhiy St » Burdach, ‘Traitd do Phys.,' tom. 
Hdairo -Hist. Nat Odn.,' tom. iii. pp. ij. p. 267, as quoted by Dr. P. Lucas, 
« ^ : . ' L'Herdd, Nat.,- tom. t p. 388. 

“ Gilbert WTiitc, ‘Nat Hist Scl- 
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a Chinese sow by a wild Alpine boar ; they lived free in the 
park, and were so tame that they came to the house to be 
fed ; but they would not touch swill, which was devoured by 
the other pigs. An animal when once accustomed to an un- 
natural diet, wliich can generally bo effected only during youth, 
dislikes its proper food, as Spallanzani found to be the case 
with a pigeon which had been long fed on meat. Individuals 
of the same species take to new food with different degrees of 
readiness; one horse, it is stated, soon learned to eat meat, 
whilst another would have perished from hunger rather than 
have partaken of it.” 

The caterpillars of the Bomhyx Imperus feed in a state of 
nature on the leaves of the Cafe diahU, but, after having been 
reared on the Ailanthus, they would not touch the Cafi diabU, 
and actually died of hunger." 

It has been found possible to accustom marine fish to live 
in fresh water ; but ns such changes in fish, and other marine 
animals, have been chiefly observed in a state of nature, they 
do not properly belong to our present subject. The period 
of gestation and of maturity, as shown in the earlier chapters,— 
the season and the frequency of the act of breeding, — have all 
been greatly modified under domestication. With the Egyptian 
goose the rate of change in the season has been recorded.* 
The wild drake pairs with one female, the domestic drake is 
polygamous. Certain breeds of fowls have lost the habit of 
incubation. The paces of the horse, and the manner of flight 
in certain breeds of the pigeon, have been modified, and are 
inherited. The voice differs much in certain fowls and pigeons. 
Some breeds are clamorous and others silent, as in the Call and 
common duck, or in the Spitz and pointer dog. Every one 
knows how dogs differ from each other in their manner of 
hunting, and in their ardour after different kinds of game or 
vermin. 

With plants the period of vegetation is easily changed and 
is inherited, as in the case of summer and winter wheat, barley, 



” This and sovernl other cases are 
given by Colin. ‘ Physiologic Comp, dos 
Animaux Dorn.,’ 1854, tom. i. p. 426. 

« M. Michely dc Cayenne, in - Bull. 
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and vetches; but to this svibject we shall immediately return 
under acclimatisation. Annual plants sometimes become peren- 
nial under a new climate, as I hear from Dr. Hooker is the case 
with the stock and mignonette in Tasmania. On the other 
hand, perenm'als sometimes become annuals, as with the Rieinus 
in England, and as, according to Captain Mangles, with many 
varieties of tlie heartsease. Von Berg" raised from seed of 
Verhcucum phmicium, which is usually a biennial, both annual 
and perennial varieties. Some deciduous bushes become ever- 
green in hot countries."' Rice requires much water, but there is 
one variety in India which can be grown without irrigation."* 
Certain varieties of the oat and of our other cereals are best fitted 
for certain soils."* Endless similar facts could be given in the 
animal and vegetable kingdoms. They are noticed here because 
they iUustrate analogous differences in closely allied natural 
species, and because such changed habits of life, whether due to 
use and disuse, or to the direct action of external conditions, 
or to so-called spontaneous variation, would be aj)t to lead to 
modifications of structure. 



AccUmatUation.—'Ftem the previous remarks we are naturally 
led to the much disputed subject of acclimatisation. There are 
two distinct questions; Do varieties descended from the same 
^les differ in their power of living under different climates? 
And secondly, if they so differ, how have they become thus 
adapted? We have seen that European dogs do not succeed 
well m India, and it is asserted,"" that no one has succeeded in 
there keeping the Newfoundland long alive ; but then it may be 
argued probably with truth, that these northern breeds are speci- 
ficaUy distmct from the native dogs which flourish in India. The 
same remark may be made with respect to different breeds of 
sheep, of which, according to Youatt," not one brought “from 
a torrid climate lasts out the second year,” in the Zoological 
f t ^ capable of some degree of acclimatisation, 

for Merino sheep bred at the Cape of Good Hope have been found 
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far better adapted for India than those imported from England.** 
It is almost certain that the breeds of the fowl are descended 
from the same species ; but the Spanish breed, which there is 
good reason to believe originated near the Mediterranean,*' 
though so fine and vigorous in England, suffers more from fro^ 
than any other breed. The Arrindy silk-moth introduced from 
Bengal, and the Ailanthus moth from the temperate province of 
Shan Tung, in China, belong to the same species, as we may 
infer from their identity in the caterpillar, cocoon, and mature 
states;" yet they differ much in constitution: the Indian form 
“ will flourish only in warm latitudes,” the other is quite hardy 
and withstands cold and rain. 



Plants are more strictly adapted to climate than are animals. The latter 
when domesticated withstand such great diversities of climate, that we 
find nearly the same species in tropical and temperate countries; whilst 
the cultivated plants are widely dissimilar. Hence a larger field is open 
for inquiry in regard to the acclimatisation of plants than of animals. It 
is no exaggeration to say that with almost every plant which has long 
been cultivated varieties exist, which are endowed with constitutions fitted 
for very different climates ; I will select only a few of the more striking 
cases, as it would he tedious to give all. In North America numerous 
fruit-trees have been raised, and in horticultural publications,— for instance, 
in Downing,— lists are given of the varieties which are best able to with- 
stand the severe climate of the northern States and Canada. Many American 
varieties of the pear, plum, and peach are excellent in their own country, 
but until recently hardly one was known that succeeded in England; and 
with apples,** not one succeeds. Though the American varieties can with- 
stand a severer winter than ours, the summer here is not hot enough. 
Fruit-trees have originated in Europe as in America with different consti- 
tntions, but they are not here much noticed, as the same nurserymen do 
not supply a wide area. The Forelle pear flowers early, and when the 
flowers have just set, and this is the critical period, they have been 
observed, both in Franco and England, to withstand with complete impu- 
nity a frost of 18° and even 14° Fahr., which killed the flowers, whether ftilly 
expanded or in bud, of all other kinds of pears.*® This power in the flower 
of resisting cold and afterwards producing fruit does not invariably de- 
pend, as we know on good authority,** on general constitutional vigour. 



** Eoyle, ‘ Prod. Eesourees of India,’ 
p. 153. 

*•■ Tegetmeicr, ‘ Poultry Book,’ 1866, 

p. 102. 

*• Dr. K. Patcraon, in a paper oom- 
municated to Bot. Soc. of Canada, 
quoted in the ‘ Header,’ 1863, Nov. 13tli. 



*» &e remarks by Editor in ’Gari. 
Cbionicio,’ 1848, p. 5. 

*» ‘Gaid. Chronicle,’ 1860, p. 93*- 
Bemarks by Editor and quotation ftom 
Dccaisnc. 

*■ J. do Jonghe, of Brussels, iu 
* Gard. Chroniclo,’ 1857, p. 612. 
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In proceeding northward, the number of varieties which are enabled to 
resist the ctate rapidly decreases, as may be seen in the list of the 
vanefaes of the cherry, apple, and pear, which can be cultivated in tlio 
neighboarncK)d of Stockholm.** Near M ----- 



for expe^ent m the open ground several varieties of the pear, but one 
alone, the Poire eons Pepim, withstood the cold of winter." Wo thus 
^that our frmt-treos, like distinct species of the same genus, certainly 
<1^ from each other in their constitutional adaptation to different 



With fte varieties of many plants, the adaptation to climate is often very 
. proved by repeated trials "that few if any of the 

English VMieties of wheat are adapted for cultivation in Scotland ; ” « but 
toe failure in this case is at first only in the quantity, though ultimately in 
the quality, of the grain produced. The Bev. J. M. Berkeley sowed wheat- 
got “ the most meagre ears,” on land which would 
certai^y have yielded a good crop from English wheat." In these cases 
varieties have been carried from a warmer to a cooler climate; in tho 
rev^ case, as " when wheat was imported directly from Franco into the 
WMt Indian Islands, it produced either whoUy barren spikes or fur- 
„ “ . .'^*‘** O'" miserable seeds, while West Indian seed 

by its side yielded an enormous harvest.”" Here is another case of close 
adaptation to a slightly cooler climate; a kind of wheat which in England 
j indifferently either as a winter or summer variety, when 
climate of Grignan, in France, behaved exactly 



sown imder 

as if it had been a true winter wheat." 

Botamste believe that all the varieties of maize belong to tho same 
species; and wo have seen that in North America, in proceeding north- 
ward, toe varieties cultivated in each zone produce their flowers and 
npen their seed witliin shorter and shorter periods. So that the tall 
slowly maturing southom varieties do not succeed in New England, and 
toe New English varieties do not succeed in Canada. I have not mot with 
tte southern varieties are actually iiyured or killed by 
a de^ of cold which the northern varieties withstand with impunitv 
though this IS probable; but toe production of early flowering and eari^ 
«edmg wieb« deserves to be considered as one fom of acclhnatisaaon 
it hM bem found possible, according to Kahn, to cultivate 
further and further northwards in America. In Europe, also, os we learn 

Eroded r has 

ry. n toe authority of too great Linn^,"" I may quote an 



« Ch. Martius, ‘Voyage Hot Cotes 
Sept, de la Norvege.’ p. 26. 

“ ‘Journal de I’Acad. Hort. de Gand,’ 
quoted in ‘Card. Chron.,’ 1859, p. 7. 

H ro.— 



MM. E 



‘ ‘ Gard. Chronicle/ 



Colin, ‘ Anna], 

des 8c. Nat.,’ 2nd8erie8,Bot..tom. v.p.22. 

"* Gfcgtaph. Bot,’ p. 837. 

" ‘ Swedish Acts,’ Eng. translat., 
1789^, vol. i. Kalm, in his ‘ Travels.’ 
vol. ii p. 166, gives an analogous case 
with cotton-plants raised in New Jersey 



from Carolina seed. 
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analogous case, namely, that in Sweden tobacco raised from home-gromi 
seed ripoM its seed a month sooner and is less liable to miscarry than 
plants raised from foreign seed. 

With the Vine, differently from the maize, the line of practical culture 
has retreated a little southward since the middle ages; “ hut this seems 
duo to commerce, including tliat of wine, being now freer or more easy 
Nevorthelees the fact of the vine not having spread northward shows that 
acclimatisation has made no progress during several centnries. There is 
however, a marked difference in the constitution of the several varieties,— 
some being hardy, whilst others, like the muscat of Alexandria, require a 
very high temperature to come to perfection. According to Labat,” vines 
taken from Franco to the West Indies succeed with extreme difficulty, whilst 
those imported from Madeira, or the Canary Islands, thrive admiraWy. 

Gallesio gives a curious account of the naturalisation of the Orange in 
Italy. During many centnries the sweet orange was propagated exclu- 
sively by grafts, and so often suffered from frosts that it required protoctioiii 
After the severe frost of 1709, and more especially after that of 1763, so 
many trees were destroyed that seedlings from the sweet orange were 
raised, and, to the surprise of the inhabitants, their frniit was found to he 
sweet. The trees thus raised were larger, more productive, and hardier 
than the former kinds ; and seedlings are now continually raised. Hence 
Gallesio concludes that much more was effeetod for the naturalisation ef 
the orange in Italy by the accidental production of new kinds during 
a period of about sixty years, than had been effected by grafting old 
varieties during many ages.” I may add that Risso® describee some 
Portuguese varieties of the orange as extremely sensitive to cold, and as 
much tenderer than certain other varieties. 

The peach was known to Theophrastus, 322 b.o.“ According to the 
authorities quoted by Dr. F. Rolle,“ it was tender when first introduced 
into Greece, and even in the island of Rhodes only occasionally bore fruit 
If this be correct, the peach, in spreading during the last two thousand 
years over the middle parts of Europe, must have become much hardire. 
At the present day different varieties differ much in hardiness: some 
French varieties wiU not succeed in England; and near Paris, the Paw 
da Bmnauil does not ripen its fruit till very late, even when grown on a 
wall; " it is, therefore, only fit for a very hot southern climate.”" 

I will briefly give a few other cases. A variety of Magnolia grandijlo^ 
raised by M. Roy, withstands cold several degrees lower than that which 
any other variety can resist. With camellias there is much difference 
in hardiness. One particular variety of Noisette rose withstood the severe 
frost of 1860 " untouched and hale amidst a universal destruction of other 



* De Candolle, ‘ Gcograph. Hot.,' p. 
339. 

“ ‘Gard. Chronicle,’ 1862, p. 235. 

« Gallesio, ‘Teoria della Ripro- 
dnzione Veg.,’ 1816, p. 123; and 
• Traitd du Citrus,’ 1811, p. 359. 

“ ‘Eaaai sur I’Hiat. dcs Orangers,’ 



Alph. De Candolle, ‘Gdogiaph- 
Bot.,’ p. 882. . 

“ ‘Ch. Darwin’s Lehro von dcr 
Entstebung/ 1862, s. 87. 
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“ Noisettes.” In New York the “ Irish yew is quite hardy, bnt the com- 
" mon yew is liable to be cut down.” I may add that there are varieties 
of the sweet potato (Cmvdvulm batatae) which are suited for warmer, 
as well as for colder, climates.*! 



Tile plants as yet mentioned have been found capable of 
resisting an unusual degree of cold or heat, when folly grown. 
The following cases refer to plants whilst young. In a largo 
bed of young Araucarias of the same age, growing close to- 
gether and equally exposed, it was observed,** after the unusually 
severe winter of 1860-61, that, “ in the midst of the dying, 
“ numerous individuals remained on which the frost had abso- 
“ lately made no kind of impression.” Dr. Lindley, after 
alluding to this and other similar cases, remarks, ‘‘Among 
“ the lessons which the late formidable winter has taught us, 
“ is that, even in their power of resisting cold, individuals of 
“ the same species of plants are remarkably different.” Near 
Salisbury, there wa-s a sharp frost on the night of May 24th, 
1836, and all the French beans (Fhaseolm vulgarie) in a bed 
wore killed except about one in thirty, which completely 
escaped.® On the same day of the month, but in the year 
1864, there was a severe frost in Kent, and two rows of scarlet- 
runners (P. muUijlonu) in my garden, containing 390 plants of 
the same age and equally exj)osed, were all blackened and killed 
except about a dozen plants. In an adjoining row of “ Fulmer’s 
dwarf bean ” (P. vulgaris), one single plant escaped. A still 
more severe frost occurred four days afterwards, and of the dozen 
plants which had previously escaped only three survived ; these 
were not taller or more vigorous than the other young plants, 
but they escaped completely, with not even the tips of their 
leaves browned. It was imiwssible to behold these three plants, 
with their blackened, withered, and dead brethren all round 
them, and not see at a glance that they differed widely in con- 
stitutional power of resisting frost 

This work is not the proper place to show that wild plants 



« For tho nmgnoliii, tet Loudon’s 
‘Gnrd. Mag.,’ vol. liii., 1837, p. 21. 
For camellias and tcses, see ‘Qard. 
Chion.,’ 18C0, p. 384. For the yew, 
‘Journal of Hort.,’ hlarch 3rd, 18«S, 
p. 174. For sweet potatoes, see Col. 



von Siebold, in ‘ Gard. Chron.,’ 1855, 
p. 822. 

** 1116 Editor, ‘ Gard. Chron.,’ 1801, 
p. 239. 

** Loudon’s ‘ Gard. Mag.,’ vol. lii., 
1830, p. 378. 
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of the same species, naturally growing at different altitudes 
or under different latitudes, l^ome to a certain extent aceli- 
matised, as is proved by the different behaviour of their seed- 
lings when raised in England. In my ‘Origin of Species’ 
I have alluded to some cases, and I could add others. One 
instauce must suffice: Mr. Grigor, of Forres,™ states that 
seedlings of the Scotch fir (Pinu» tylmtrU), raised from seed 
from the Continent and from the forests of Scotland, differ 
much. “ The difference is perceptible in one-year-old, and more 
“ so in two-year-old seedlings ; but the effects of the winter on 
“ the second year’s growth almost imiformly make those from 
“ the Continent quite brown, and so damaged, that by the month 
“ of March they are quite unsaleable, while the plants from the 
“ native Scotch pine, imder the same treatment, and standing 
“ alongside, although considerably shorter, are rather stouter and 
“ quite green, so that the beds of the one can be known from the 
“ other when seen from the distance of a mile.” Closely similar 
facte have been observed with seedling larches. 

Hardy varieties would alone be valued or noticed in Europe; whilst 
tender varieties, requiring more warmth, would generally be neglected: 
but such occasionally arise. Thus Loudon” describes a Cornish variety 
of the elm which is almost an evergreen, and of which the shoots arc 
often killed by the autumnal frosts, so that its timber is of little value 
Horticulturists know that some varieties are much more tender than 
others: thus all the varieties of the broccoli are more tender than cab- 
bages; but there is much difference in this respect in the sub-varieties of 
the broccoli ; the pink and purple kinds are a little hardier than the white 
Cape broccoli, " but they are not to be depended on after the thermometer 
“ falls below 24'= Fahr.:” the Walcheren broccoli is lees tender than the 
Cape, and there are several varieties which will stand much severer cold 
than the Walcheren.™ Cauliflowers seed more freely in India than cab- 
bages." To give one instance with flowers : eleven plants raised from a 
hollyhock, called the Quem of the Whitat* were found to be much mow 
tender than various other seedlings. It may be presumed that all tender 
varieties would succeed better under a climate wanner than ours. With 
fruit-trees, it is well known that certain varieties, for instance of the 
peach, stand forcing in a hot-house better than others; and this shows 



™ ‘ Gardener’s Chron.,’ 1865, p, 699. 
” ’Arboretum et Fruticetum,’ voL 
iii. p. 1376. 

" Mr. Robson, in ^Journal of Horti- 
culture.’ 1861, p. 23. 



" Dr. Bonavia, ‘ Report of the Agit- 
Hort. Sno. of Oudh,’ 1866. 

‘Cottage Gardener,’ 1860, Apnl 
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either pliability of organisation or some constitutional difference. The 
same individual cherry-tree, when forced, has been observed during succes- 
sivo years gradually to change its period of vegetation.” Few pelargo- 
niums can resist the heat of a stove, but Alba multijtora will, as a most 
skilful gardener asserts, " stand pine-apple top and bottom heat the whole 
“ winter, without looking any more drawn than if it had stood in a com- 
“ mon greenhouse; and Blanche Fleur seems as if it had been made on 
" purpose for growing in winter, like many bulbs, and to rest all sununer.”'* 
There can hardly be a doubt that the Alba muUiflora pelargonium must 
have a mdely different constitution from that of most other varieties of this 
plant; it would probably withstand oven an equatorial climate. 

We have seen that according to Labat the vine and wheat require accli- 
matisation in order to succeed in the West Indies. Similar facts have 
been observed at Madras; “ two parcels of mignonette-seed, one direct 
“ from Europe, the other saved at Bangalore (of which the mean tempera- 
“ ture is much below that of Madras) wore sown at the same time : they both 
“ vegetated equally favourably, but the former all died off a few days after 
“ they appeared above ground; the latter still survive, and are vigorous 
“ healthy plants.” So again, " turnip and carrot seed saved at Hyderabad 
“ are found to answer better at Madras than seed from Europe or from the 
" Cape of Good Hojk.”” Mr. J. Scott, of the Calcutta Botanic Gardens, 
informs me tliat seeds of the sweet-pea (Laihyrue odoratue) imported from 
England produce plants, with thick, rigid stems and small leaves, which 
rarely blossom and never yield se^; plants raised from French seed 
blossom sparingly, but all the flowers are sterile; on the other hand, 
plants raised from sweet-peas grown near Darjeeling in Upper India, but 
originally derived from England, can be successfully cultivated on the 
plains of India; for they flower and seed profusely, and their stems are 
lax and scandent. In some of the foregoing cases, as Dr. Hooker has 
remarked to mo, the greater success may perhaps be attributed to the 
seeds having been more fully ripened under a more favourable climate ; 
but this view can hardly be extended to so many oases, including plants, 
which, from being cultivated under a climate hotter than their native one, 
become fitted for a still hotter climate. We may therefore safely conclude 
that plants can to a certain extent become accustomed to a climate either 
hotter or colder than their own; although these latter cases have been 
more frequently observed. 



We will now consider the means by which acclimatisation 
may be effected, namely, through the spontaneous appearance 
of varieties having a different constitution, and through the 
effects of use or habit. In regard to the first process, there 
is no evidence that a change in the constitution of the off- 



” ■ Gardener’s Chronicle,’ 1841, p. 
291. 

” Mr. Beaton, in * Cottage Gardener ’ 
March 20th, 1860, p. 3T7. Queen Mab 



will also stand stove heat, eee ‘Gard. 
Chronicle,’ 1845, p. 226. 

” ‘ Gardener’s Chronicle,’ 1841, p. 
439. 
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spring necessarily stands in any direct relation with the nature 
of the climate inhabited by the parents. On the contran. 
It is certain that hardy and tender varieties of the same specif 
appear in the same country. New varieties thus spontane- 
ously arising become fitted to slightly different climates in 
two different ways ; firstly, they may have the power, either as 
seedlings or when full-grown, of resisting intense cold, as with 
the Moscow pear, or of resisting intense heat, as with some kinds 
of Pelargonium, or the fiowers may withstand severe frost, as 
with the Forelle pear. Secondly, plants may become adapted 
to climates widely different from their own, from flowering and 
fruiting either earlier or later in the season. In both these 
cases the power of acclimatisation by man consists simply in the 
selection and preservation of new varieties. Put without any 
direct intention on his part of securing a hardier variety, accli- 
matisation may be unconsciously effected by merely raising 
tender plants from seed, and by occasionally attempting their 
cultivation further and further northwards, as in the case of 
maize, the orange, and the peach. 

How much influence ought to be attributed to inherited habit 
or custom in the acclimatisation of animals and plants is a 
much more difScult question. In many cases natural selection 
can hardly have failed to have come into play and complicated 
the result. It is notorious that_, mountain sheep resist severe 
weather and storms of snow which would destroy lowland 
breeds ; but then mountain sheep have been thus exposed from 
time immemorial, and all delicate individuab will hare been 
destroyed, and the hardiest preserved. So with the Arrindy 
silk-moths of China and India; who can tell how far natural 
selection may have taken a share in the formation of the two 
races, which are now fitted for such widely different climates? 
It seems at first probable that the many fruit-trees which are 
so well fitted for the hot summers and cold winters of North 
America, in contrast with their poor success under our climate, 
have become adapted through habit ; but when we reflect on 
the multitude of seedlings annually raised in that country, 
and that none would succeed unless born with a fitting con- 
stitution, it is possible that mere habit may have done nothing 
towards their acclimatisation. On the other hand, when we 
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hear that Merino sheep, bred during no great number of genera- 
tions at the Cape of Good Hope — that some European plants 
raised during only a few generations in the cooler parts of 
India, withstand the hotter parts of that country much better 
than the sheep or seeds imported directly from England, we 
must attribute some influence to habit. We are led to the 
same conclusion when we hear from Naudin’* that the races of 
melons, squashes, and gourds, which have long been cultivated 
in Northern Europe, are comparatively more precocious, and 
need much less heat for maturing their fruit, than the varieties 
of the same species recently brought from tropical regions. In 
tlie reciprocal conversion of summer and winter wheat, barley, 
and vetches into each other, habit produces a marked effect 
m the course of a very few generations. The same thing ap- 
parently occurs with the varieties of maize, which, when carried 
fr-om the Southern to tlie Northern States of America, or into 
Germany, soon become accustomed to their new homes. With 
vine-plants taken to the West Indies from Madeira, which are 
said to succeed better than plants brought directly from France, 
we have some degree of acclimatisation in the individual, inde- 
pendently of die production of new varieties by seed. 

The common experience of agriculturists is of some value, 
and they often advise persons to be cautious in trying in one 
country the productions of another. The ancient agricultural 
writers of China recommend the preservation and cultivation 
of the varieties peculiar to each country. During the classical 
period. Columella wrote, “ Vernaculum pecus peregrine longe 
“ pnestantius est.” ™ 

I am aware that the attempt to acclimatise either animals or 
plants has been called a vain chimsera. No doubt the attempt 
in most cases deserves to be thus called, if made independ- 
ently of the production of new varieties endowed with a dif- 
ferent constitution. Habit, however much prolonged, rarely 
produces any effect on a plant propagated by buds; it ap- 
parently acts only through successive seminal generations. 



'» Quota! by Asa Gray, in ‘Am. 
Journ. of Sci./ 2nd aeriee, Jan. 1865, 

For Cliina, soe *Mcmoiro sur les 



Chinoia,' tom. xi. 17S6, p. GO. Columella 
ia quoted by Carlior, in ‘ Journal de 
Piiyaique,' tom. sxiT. 1784. 
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The laurel, bay, lanrestinus, &c., and the Jerusalem artichoke 
which are propagated by cuttings or tubers, are probably now 
as tender in England as when first introduced; and this appears 
to be the case with the ^tato, which until recently was seldom 
multiplied by seed. With plants propagated by seed, and rvith 
animals, there will be little or no acclimatisation unless the 
hardier individuals are either intentionally or unconsciously 
preserved. The kidney-bean has often been advanced as an 
instance of a plant which has not become hardier since its first 
introduction into Britain. We hear, however, on excellent 
authority,*” that some very fine seed, imported from abroad ' 

produced plants “ which blossomed most profusely, but were 
“ nearly all but abortive, whilst plants grown alongside from 
‘‘ English seed podded abundantly and this apparently shows 
some degree of acclimatisation in our English plants. We 
have also seen that seedlings of the kidney-bean occasionally 
appear with a marked power of resisting frost ; but no one, as 
far as I can hear, has ever separated such hardy seedlings, so 
as to prevent accidental crossing, and then gathered their seed, 
and repeated the process year after year. It may, however, 
be objected with truth that natural selection ought to have 
had a decided effect on the hardiness of our kidney-beans ; for 
the tenderest individuals must have been killed during every 
severe spring, and the hardier preserved. But it should be 
borne in mind that the result of increased hardiness would 
simply be that gardeners, who are always anxious for as early a 
crop as possible, would sow their seed a few days earlier than i 
formerly. Now, as the period of sowing depends much on the 
soil and elevation of each district, and varies with the season; I 

and as new varieties have often been imported from abroad, can 
we feel sure that our kidney-beans are not somewhat hardier? 

I have not been able, by searching old horticultural works, to 1 
answer this question satisfactorily. 

On the whole the facts now given show that, though habit 
does something towards acclimatisation, yet that the sponta- 
neous appearance of constitutionally different individuals is a 
far more effective agent. As no single instance has been 
recorded, either with animals or plants, of hardier individuals 

* Messrs. Hardy and Son, in ‘ Card. Chronicle,’ 1856, p. 539. ] 
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having been long and steadily selected, though such selection 
is admitted to be indispensable for the improvement of any 
other character, it is not surprising that man has done little 
in the acclimatisation of domesticated animals and cultivated 
plants. We need not, however, doubt that under nature new 
races and new species would become adapted to widely different 
climates, by spontaneous variation, aided by habit, and regulated 
by natural selection. 



Arrests of Development : RudimeKtary and Aborted Organs. 

These subjects are here introduced because there is reason to believe 
that rudimentary organs are in many cases the result of disuse. Modifica- 
tions of structure frem arrested development, so great or so serious as to 
deserve to be called monstrosities, are of common occurrence, but, as they 
differ much from any normal structure, they require hero only a passing 
notice. 'When a port or organ is arrested during its embryonio growth, 
a rudiment is generally left. Thus the whole head may bo represented by 
a soft nipple-like projection, and the limbs by mere papilla). These rudi- 
ments of limbs are sometimes inherited, as has been observed in a dog.° 

Many lesser anomalies in our domesticated animals appear to bo due to 
arrested development, lyhat the cause of the arrest may be, we seldom 
know, except in the case of direct injury to the embryo within the egg or 
womb. That the cause does not generally act at a very early embryonio 
period we may infer from the affected organ seldom being wholly aborted, 
—a rudiment being generally preserved. The external ears are represented 
by mere vestiges in a Chinese breed of sheep; and in another breed, the 
tail is reduced " to a little button, suffocated, in a manner, by fat”“ In 
tailless dogs and cats a sttunp is left; but I do not know whether it 
includes at an early embryonio age rudiments of all the caudal vertebra). 
In certain breeds of fowls the comb and wattles are reduced to rudi- 
ments; in the Cochin-China breed scarcely more than rudiments of spurs 
exist. With polled Suffolk cattle, “ rudiments of horns can often bo felt 
“ at an early age;”» and with species in a state of nature, tlie relatively 
greater development of rudimentary organs at an early period of life is 
highly characteristic of such organs. With hornless breeds of cattle 
and sheep, another and singular kind of rudiment has been observed, 
namely, minute dangling horns attached to the skin alone, and which axe 
often shed and grow again. With hornless goats, according to Desmarest,“ 



•> laid. Geoffrey St. Hilaiie, ‘Hist. 
Nat. des Anomalies,’ 1836, tom. ii. pp. 
210, 223, 224, 395; ‘Philosoph. Trans- 
act.,’ 1775, p. 313. 

“ Pallas, quoted by Youatt on Sheep, 



» Yonatton Cattle, 1834, p. 174. 

*• ‘ Enoyclop. Method.,’ 1820, p. 483 : 
see p. 500, on tlie Indian zebu casting 
its horns. Similar cases in European 
cattle were given in the third chapter. 
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the bony protuberances which properly support the horns exist as mere 



With cultmted plants it is far from rare to find the petals, stamens 
and pistils represented by rudiments, like those obeerred in natumi 
sixicies. So it is with the whole seed in many fruits ; thus near Astral^ 
there is a grape with mere traces of seeds, “ so small and lying so neapft 
“ stalk that they are not perceived in eating the grape.”® In certain 
varieties of the gourd, the tendrils, according to Naudin, are represe^ 
by rudiments or by various monstrous growths. In the broccoli and 
cauliflower the greater number of the flowers are incapable of expansion 
and include rudimentary organs. In the Feather hyacinth (Miacari 
amosum) the upper and central flowers are brightly coloured but rudi- 
mentary; rmder cultivation the tendency to abortion travels downwards 
and outwards, and all the flowers become rudimentary ; but the abortive 
stamens and pistils are not so small in the lower as in the upper flowers. 
In the Viburnum opulus, on the other hand, the outer flowers naturally 
have their organs of fructification in a rudimentary state, and the corolla 
is of largo size; under cultivation, tlie change spreads to the centre, and 
all the flowers become afiected; thus the well-known Snow-ball budi is 
produced. In the Compositm, the so-called doubling of the flowers con- 
sists in the greater development of the corolla of the central florets, 
generally accompanied with some degree of sterility; and it has been 
observed" that tiro progressive doubling invariably spreads from the ch- 
cumferenco to the centre,— that is, from the ray florets, which so often 
include rudimontaxy organs, to those of the disc. I may add, as bearing 
on this subject, tlmt, with Asters, seeds taken from the florets of the 
cuoumferenco have been found to yield the greatest number of double 
flowers.” In these several cases we have a natural tendency in certain 
parts to become rudimentary, and tliis under culture spreads either to, or 
from, the axis of the plant. It deserves notice, as showing how the same 
laws govern the changes which natural species and artificial varieties 
^dergo, that in a series of species in the genus Carthamus, one of the 
^mpositee, a tendency in the seeds to the abortion of the pappus may b« 
traced extending from the circumference to the centre of the disc: thus, 
accordmg to A. de Jussieu,* the abortion is only partial in Cartkwm 
creftcua, but more extended in C. lanatm ; for in this species two or three 
alone of the central seeds are furnished with a pappus, the surrounding 
hemg mthor quite naked or furnished wiUi a few hairs; and lastly, 
m o.tmcfonas, even tho central seeds are destitute of pappus, and the 
abortion is complete. 

With auhuals and plants under domestication, when an organ dis- 
api^s, living only a rudiment, the loss has generally been sudden, as 
with hornless and tailless breeds ; and sueh cases may be ranked as inhe- 
rited monstrosities. But in some few cases the loss has been gradual, and 

’ Locoq- ‘ De la F&ondation,’ 1862, 

r 1 of Horti- 88 4 Annales du Museum,' ^ 
p. 319. 
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has teen partly effected by selecUon, as with the rudimentary combs and 
wattles of certain fowls. We have also seen that tho wings of some 
domesticated birds have lieon slightly reduced by disuse, and the great 
reduction of tho wings in certain silk-moths, with mere rudiments left 
has probably been aided by disuse. * 

With s^jes in a state of natiue, mdimentary organs are so extremely 
cominon that scarcely one can be named which is wholly free from a 
blemish of this naUire. Such organs are generally variable, as several 
naturalists have oliserved ; for, being useless, they are not regulated by 
natural selection, and they are more or less liable to reversion. The same 
rule certainly holds good with parts which have become rudimentary 
under domestication. We do not know through what steps under nature 
rudimentary organs have passed in being reduced to their present con- 
diUon ; but we so incessantly see in species of tho same group the finest 
gradations between an organ in a rudimentary and perfect stotc, that we 
are led to believe that the passage must have been extremely gradual. It 
may be doubted whether a change of structure so abrupt as tho sudden 
loss of an organ would over be of service to a species in a state of nature ; 
for the conditions to which all organisms are closely adapted usually 
change very slowly. Even if an organ did suddenly disappear in some 
one mdividual by an arrest of development, intercrossing with tho other 
individuals of the same species would cause it to reappear in a more or less 
perfect manner, so that its final reduction could only be effected by the 
slow process of continued disuse or natural selection. It is much more 
probable that, from changed habits of life, organs first become of less mid 
less use, and ultimately superfluous; or their place may be suppUed by 
rome other organ; and then disuse, acting on tho offspring through 
inheritance at corresponding periods of life, would go on reducing tho 
organ; but as most organs could bo of no use at an early embryonic 
period, they would not bo affected by disuse ; consequently they would bo 
presemd at this stage of growth, and would remain as rudiments. In 
addition to the effects of disuse, tho principle of economy of growth, 
already aUnded to in this chapter, would lead to the still further reduction 
of aU Bu^rfluous parts. With respect to tho final and total suppression 
or abortion of any organ, another and distinct principle, which will bo 
discussed m the chapter on pangenesis, probably takes a share in tlie 
work. 

With animals and plants reared by man there is no severe or recurrent 
struggle for existence, and the principle of economy will not come into 
action. So fer, indeed, is this from being tho case, that in some instances 
orgara, which are naturally mdimentary in tho parent-species, become 
partially redeveloped in tho domesticated descendants. Thus cows, like 
most other ruminants, properly have four active and two rudimentary 
mammie; but in our domesticated animals, the latter occasionally become 
considerably developed and yield milk. Tho atrophied nmmiTim , which, 
in male domesticated animals, including man, have in some rare cases 
g-own to full size and secreted milk, perhaps offer an analogous case. 
Tho hind foot of dogs include rudiments of a fifth toe, and in certain largo 
breeds these toes, though still mdimentary, become considerably doveloiicd 
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and are furnished with claws. In the common Hen, the spurs and comb 
are rudimentary, but in certain breeds these become, indepen^ntly of 
age or disease of the ovaria, well developed. The stallion has canine teeth, 
but the mare has only traces of the alveoli, which, as I am informed by 
the eminent veterinary Mr. G. T. Brown, frequently contain minute irre- 
gular nodules of bone. These nodules, however, sometimes become deve- 
loped into imperfect teeth, protruding tlirough the gums and coated 
with enamel ; and occasionally they grow to a third or even a fourth of 
the length of the canines in the stallion. With plants I do not know 
whether the redevelopment of rudimentary organs occurs more frequently 
under culture than under nature. Perhaps the pear-tree may be a case in 
point, for when wild it hears thorns, which though useful as a protection 
are formed of branches in a rudimentary condition, but, when the tree is 
cultivated, the thorns are reconverted into branches. 

Finally, though organs which must be classed as rudi- 
mentary frequently occur in our domesticated animals and 
cultivated plants, these have generally been formed suddenly, 
through an arrest of development. They usually differ in 
appearance from the rudiments which so frequently characterise 
natural species. In the latter, rudimentary organs have been 
slowly formed through continued disuse, acting by inheritance 
at a corresponding age, aided by the principle of the economy 
of growth, all under the control of natural selection. With 
domesticated animals, on the other hand, the prineiple of eco- 
nomy is far from coming into action, and their organs, although 
often slightly reduced by disime, are not thus almost obliterated 
witli mere rudiments left. 
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LAWS OF VARIATION, continued — CORRELATED VARIABILITY. 




All the parts of the organisation are to a certain extent 
connected or correlated together ; but the connexion may be so 
slight that it hardly exists, as with compound animals or the 
buds on the same tree. Even in the higher animals various 
parts are not at all closely related ; for one part may be wholly 
suppressed or rendered monstrous without any other part of 
the body being affected. But in some cases, when one part 
varies, certain other parts always, or nearly always, simulta- 
neously vary; they are then subject to the law of correlated 
variation. Formerly I used the somewhat vague expression of 
correlation of growth, which may be applied to many large classes 
of facts. Thus, all the parts of the body are admirably co- 
ordinated for the pecuUar habits of life of each organic being, 
and they may be said, as the Duke of Argyll insists in his ‘ Reign 
of Law, to be correlated for this purpose. Again, in large 
groups of animals certain structures always co-exist ; for in- 
stance, a peculiar form of stomach with teeth of peculiar form, 
and such structures may in one sense be said to be correlated. 
But these cases have no necessary connexion with the law to 
be discussed in the present chapter ; lor we do not know that 
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the initial or primary variations of the several parts were in any 
way related: slight modi6cations or individual differences may 
have been preserved, first in one and th^n in another part, 
imtil the final and perfectly co-adapted structure was acquired ; 
but to this subject I shall presently recur. Again, in many 
groups of animals the males alone are furnished with weapons, 
or are ornamented with gay colours; and these characters 
manifestly stand in some sort of correlation with the male 
reproductive organs, for when the latter are destroyed these 
characters disappear. But it was shown in the twelfth chapter 
that the very same peculiarity may become attached at any 
age to either sex, and afterwards be exclusively transmitted 
by the same sex at a corresponding age. In these cases we 
have inheritance limited by, or correlated with, both sex and 
age; but we have no reason for supposing that the original 
cause of the variation was necessarily connected with the repro- 
ductive organs, or with the age of the affected being. 

In cases of true correlated variation, we are sometimes able 
to see the nature of the connexion ; but in most cases the bond 
is hidden from us, and certainly differs in different cases. Wo 
can seldom say which of two correlated parts first varies, and 
induces a change in the other ; or whether the two are simul- 
taneously produced by some distinct cause. Correlated variation 
is an important subject for ns ; for when one part is modified 
through continued selection, either by man or under nature, 
other parts of the organisation will be unavoidably modified. 
From this correlation it apparently follows that, with our domes- 
ticated animals and plants, varieties rarely or never differ from 
each other by some single character alone. 

One of the simplest cases of correlation is that a modification 
which arises during an early stage of growth tends to influence 
the subsequent development of the same part, as well as of other 
and intimately connected parts. Isidore Geoffrey St Hilaire 
states * that this may constantly be observed with monstrosities 

■ ‘ Hist des Anomalies,’ tom. iii. p. arrangemont of the nervons system in 
392. Prof. Huxley applies the same the Mollusca, in his great paper on the 
principle in accounting for the remark- Monihology of the Cephalons Mollosca, 

ublo, though normal, differences in the in ‘Phil. Transact.,’ 1853, p. 56. 
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in the animal kingdom ; and Moquin-Tandon ’ remacks, that^ 
as with plants the axis cannot become monstrous without in 
some way affecting. the organs subsequently produced from it, so 
axial anomalies are almost always accompanied by deviations of 
stnicture in the appended parts. AVe shall presently see that 
with short-muzzled races of the dog certain histological changes 
in the basal elements of the hones arrest their devdopment and 
shorten them, and this affects the position of the subsequently 
developed molar teeth. It is probable tliat certain raodiflcatioM 
in the lan-m of insects would affect the structure of the mature 
insects. But we must be very careful not to extend this view too 
fer, for, during the normal course of development, certain members 
in the same group of animals are known to pass through an 
extraordinary course of change, whilst other and closely allied 
members arrive at maturity with little change of structure. 

Another simple case of correlation is that with the increased 
or decreased dimensions of the whole body, or of any particular 
part, certain organs are increased or diminished in number, 
or are otherwise modified. Thus pigeon-fimeiers have gone on 
selecting pouters for length of body, and we have seen that their 
vertebr® are generally increased in number, and their ribs in 
breadth. Tumblers have been selected for their small bodies, 
and their ribs' and primary wing-feathers ai-e generally lessened 
in number. Fantails have been selected for their largo widely- 
expanded tails, with numerous tail-feathers, and the caudal 
vertebra! are increased in size and number. Carriers have 
been selected for length of beak, and their tongues have become 
longer, but not in strict accordance with the length of beak. 
In this latter breed and in others having large feet, the number 
of the scutellse on the toes is greater than in the breeds with 
small feet Many similar cases could be given. In Germany 
it has been observed that the period of gestation is longer 
in large-sized than in small-sized breeds of cattle. With our 
highly-improved animals of all kinds the period of maturity 
has advanced, both with respect to the full growth of the body 
and the period of reproduction; and, in correspondence with 
this, the teeth are now developed earlier than formerly, so that, 

* ‘ E 14 menta do Teratologic 1811, p. 113. 
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to the surprise of agriculturists, the ancient rules for judging 
the age of an animal by the state of its teeth are no longer 
trustworthy.* 

Correlated Variation of Somohgoue Parte. — Parts which are 
homologous tend to vary in the same manner ; and this is what 
might have been expected, for such parts are identical in form 
and structure during an early period of embryonic development, 
and are exposed in the egg or womb to similar conditions. 
The symmetry, in most kinds of animals, of the] corresponding 
or bomologoTis organs on the right and left sides of the body, is 
the simplest ease in point ; but this symmetry sometimes fails, 
as with rabbits having only one ear, or stags with one horn, or 
with many-homed sheep which sometimes carry an additional 
horn on one side of their heads. With flowers which have 
regular corollas, the petals generally vary in the same manner, 
as we see in the same complicated and elegant pattern, on the 
flowers of the Chinese pink ; bnt with irregular flowers, though 
the petals are of course homologous, this symmetry often fails, 
as with the varieties of the Antirrhinum or snapdragon, or that 
variety of the kidney-bean (Phaeeolue mvMijlorue) which has a 
wliite standard-petal. 

In the vertebrata the front and hind limbs are homologous, 
and they tend to vary in the same manner, as we see in long 
and. short-legged, or in thick and thin-legged races of the 
horse and dog. Isidore Geofiroy* has remarked on the ten- 
dency of supernumerary digits in man to appear, not only on 
the right and left sides, but on the upper and lower extremities. 
Meckel has insisted * that, when the muscles of tlie arm depart 
in number or arrangement from their proper type, they almost 
always imitate those of the leg ; and so conversely the varying 
muscles of the leg imitate the normal muscles of the arm. 

In several distinct breeds of the pigeon and fowl, the legs and 
the two outer toes are heavily feathered, so that in the trum- 
peter pigeon they appear like little wings. In the feather- 
legged bantam the “boots” or feathers, which grow from the 
outside of the leg and generally from the two outer toes, have 

* Prof. J. B. Simaada, on the Ago of < ‘ Hist, doe Anomalies,’ tom. i. p. 674. 

the Ox, Sheep, Ac., quoted in ‘Gnid. ‘ Quoted by laid. Geofioy, idem, 

Chtouiole,' 1854, p. 588. tom. i. p. 635. 
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according to the excellent authority of Mr. Hewitt,® been seen 
to exceed tlie wing-feathers in length, and in one case were 
actually nine and a half inches in length ! As Mr. Blyth has 
remarked to me, these leg-feathers resemble the primary wing- 
feathers, and are totally unlike the fine down which naturally 
grows on the legs of some birds, such as grouse and owls. Hence 
it may be suspected that excess of food has first given redun- 
dancy to the plumage, and then that the law of homologous 
variation has led to the development of feathers on the legs, in 
a position corresponding with those on the wing, namely, on the 
outside of the tarsi and toes. . I am strengthened in this belief 
by the following curious case of correlation, which for a long 
time seemed to me utterly inexplicable, namely, that in pigeons 
of any breed, if the legs are feathered, the two outer toes are 
partially connected by skin. These two outer toes correspond 
with our third and fourth toes. Now, in the wing of the pigeon 
or any other bird, the first and fifth digits are wholly aborted ; 
the second is rudimentary and carries the so-called “ bastard- 
wing;” whilst the third and fourth digits are completely united 
and enclosed by skin, together forming the extremity of the 
wing. So that in feather-footed pigeons, not only does the ex- 
terior surface support a row of long feathers, like wing-feathers, 
but the very same digits which in the wing are completely united 
by skin become partially united by skin in the feet ; and thus 
by the law of the correlated variation of homologous parts we 
can understand the curious connection of feathered legs and 
membrane between the two outer toes. 

Andrew Knight’ has remarked that the face or head and the 
limbs vary together in general proportions. Compare, for instance, 
the head and Umbs of a dray and race-horse, or of a greyhound 
and mastiff. What a monster a greyhound would appear with 
the head of a mastiff! The modem bulldog, however, has fine 
limbs, but this is a recently-selected cliaracter. From the 
measurements given in the sixth chapter, we clearly see that 
in all the breeds of the pigeon the length of the beak and the 
size of the feet are correlated. The view which, as before ex- 
plained, seems the most probable is, that disuse in all cases tends 

‘ • The Poultry Book.’ by W. B. Tcgelmcier, 186G, p. 250. 

’ A. Walker ou Intermarriage. 1838, p. 180. 
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to diminish the feet, the beak becoming at the same time through 
correlation shorter ; but that in those few breeds in which length 
of beak has been a selected point, the feet, notwithstanding 
disuse, have through correlation increased in size. 

With the increased length of the beak in pigeons, not only 
the tongue increases in length, but likewise the orifice of the 
nostrils. But the increased length of the orifice of the nostrils 
perhaps stands in closer correlation with the development of 
the corrugated skin or wattle at the base of the beak ; for 
when there is much wattle round the eyes, the eyelids are greatly 
increased or even doubled in length. 

There is apparently some correlation even in cglour be- 
tween the head and the extremities. Thus with horses a large 
white star or blaze on the forehead is generally accompanied by 
white feet.® With white rabbits and cattle, dark marks often 
co-exist on the tips of the eats and on the feet. In black and tan 
dogs of difierent breeds, tan-coloured spots over the eyes and 
tan-coloured feet almost invariably go together. These latter 
cases of connected colouring may be due either to reversion or 
to analogous variation,— subjects to which we shall hereafter 
return, — ^but this does not necessarily determine the question of 
their original correlation. If those naturalists rare correct who 
maintain that the jaw-bones are homologous with the limb-bones, 
then we can understand why the head and limbs tend to vary 
together in shape and even in colour; but several highly com- 
petent judges dispute the correctness of this view. 

The lopping forwards and downwards of the immense ears of 
fancy rabbits is in part due to the disuse of the muscles, and 
in part to the weight and length of the ears, which have been 
increased by selection during many generations. Now, witli 
tlie increased size and changed direction of the ears, not only 
has the bony auditory meatus become changed in outline, 
direction, and greatly in size, but the whole skull has been 

slightly modified. Tliis could be clearly seen in “half-lops” 

that is, in rabbits with one ear alone lopping forward — for the 
opposite sides of their skulls were not strictly symmetrical. 
This seems to me a curious instance of correlation, between hard 

» ‘ The Farrier and Naturalist,’ vol. i., 1828, p. 130. 
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bones and organs so soft and flexible, as well as so unimportant 
under a physiological point of view, as the external earn. The 
result no doubt is largely due to mere mechanical action, that 
is, to the weight of the ears, on the same principle that the 
skull of a human infant is easily modified by pressure. 

Tlie skin and the appendages of hair, feathers, hoofs, horns, and 
teeth, are homologous over the whole body. Every one knows 
that the colour of the skin and that of the hair usually vary 
together ; so that Virgil advises the shepherd to look whether the 
mouth and tongue of the mm are black, lest the lambs should 
not be purely white. With poultry and certain ducks we have 
seen that the colour of the plumage stands in some connexion 
with the colour of the shell of the egg,— that is, with the 
mucous membrane which secretes the shell. The colour of 
the skin and hair, and the odour emitted by the glands of the 
skin, are said’ to be connected, even in the same race of men. 
Generally the hair varies in the same way all over the body in 
length, fineness, and curliness. The same rule holds good with 
feathers, as we see with the laced and frizzled breeds both of 
fowls and pigeons. In the common cock the feathers on the neck 
and loins are always of a particular shape, called hackles ; now 
in the Polish breed, both sexes are characterised by a tuft of 
feathers on the head ; but through correlation these feathers 
in the male always assume the form of hackles. The wing and 
tail-feathers, though arising from parts not homologous, vary 
in length together ; so that long or short-winged pigeons generally 
have long or short tails. The case of the Jacobin-pigeon is 
more curious, for the wing and tail feathers are remarkably 
long; and this apparently has arisen in correlation with the 
elongated and reversed feathers on the back of the neck, which 
form the hood. 

The hoofs and hair are homologous appendages ; and a careful 
observer, namely Azam,*" states that in Paraguay horses of various 
colours are often bom with their hair curled and twisted like that 



on the head of a negro. This peculiarity is strongly inherited. 
But what is remarkable is that the hoofs of these horses “ are 
“ absolutely like those of a mule.” The hair also of the mane and 
tail is invariably much shorter than usual, being only from four 
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to twelve inches m length; so that curliness and shortness of 
the hair are here, as with the negro, apparenUy correlated. 

With respect to the horns of sheep, Youatt'* remaiks that 
“ multipUcity of horns is not found in any breed of much value : 
«it 18 generally accompanied by great length and coarseness of 
“ the fleece. Several tropical breeds of sheep which aro clothed 
with hair instead of wool, have horns almost like those of a goat. 
Sturm » expressly declares that in different races the more the 
wool is curled the more the horns are spirally twisted. We have 
seen in the third chapter, where other analogous facts have been 
given, that the parent of the Mauchamp breed, so famous for 
its fleece, had peculiarly shaped horns. The inhabitants of 
Angora assert “ that “ only the white goats which have horns 
“ wear the fleece in the long curly locks that are so much 
“admired; those which are not horned having a comparatively 
“ close coat. From these cases we may conclude that the 
hair or wool and the horns vary in a correlated manner. Those 
who have tried hydropathy are aware that the frequent appli- 
cation of cold water stimulates the skin; and whatever stimu- 
lates the skin tends to increase the growth of the hair, as is weU 
shown in the abnormal growth of hair near old inflamed surfaces. 
Now, Professor Low'‘ is convinced that with the different races 
of British cattle thick skin and long hair depend on the hu- 
midity of the climate which they inhabit. We can thus see 
how a humid climate might act on the horns— in the first place 
directly on the skin and hair, and secondly by correlation on 
the horns. The presence or absence of horns, moreover, both in 
the case of sheep and cattle, acts, as will presently be shown, by 
some sort of correlation on the skull. 

With respect to hair and teeth, Mr. Tarrell« found many of 
the teeth deficient in tlu-ee hairless “Egyptian ” dogs, and in a 
hairless terrier. The incisors, canines, and premolars suffered 
most, but in one case all the teeth, except the large tuber- 
cular molar on each side, were deficient. With man several 
striking cases have been recorded of inherited baldness with in- 



" On Sheep, p. H2. 

I® ' tJeber Racen, Kreuzungen, &c.,’ 

“ Quoted from Conolly, in ‘The 
Indian Field,’ Feb. 1859, toI. ii. p. 2CC. 
* Domesticated Anim^ ii ^ of tiio 



British Islands,* pp. 307, 368. 

‘Proceedings Zoolog. Soc,,’ 1833, 
p. 113. 

8cdgwick, ‘Brit and Foreign 
Me(Uco<!hiruig. Review,’ April, 1863, 
p. 453. 
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herited deficiency, either complete or partial, of the teeth. We see 
the same connection in those rare cases in which the hair has been 
renewed in old age, for this has “ usually been accompanied by 
a renewal of the teeth.” I have remarked in a former part of 
this volume that the great reduction in the size of the tusks in 
domestic boars probably stands in close relation with their 
diminished bristles, due to a certain amount of protection ; and 
that the reappearance of the tusks in boars, which have become 
feral and arc fuUy exposed to the weather, probably depends on 
the reappearance of the bristles. I may add, though not strictly 
connected with our present point, that an agriculturist " asserts 
that “ pigs with little hair on their bodies are most liable to 
“ lose their tails, showing a weakness of the tegumental structure. 
“ It may be prevented by crossing with a more hairy breed.” 

In the previous cases deficient hair, and teeth deficient in 
number or size, are apparently connected. In the following 
cases abnormally redundant hair, and teeth either deficient or 
redundant, are likewise connected. Mr. Crawfurd ’* saw at the 
Burmese Court a man, thirty years old, with his whole body, 
except the hands and feet, covered with straight silky hair, which 
on the shoulders and spine was five inches in length. At birth 
the ears alone were covered. He did not arrive at puberty, or 
shed his milk teeth, until twenty years old ; and at this period 
he acquired five teeth in the upper jaw, namely four incisors 
and one canine, and four incisor teeth in the lower jaw ; all the 
teeth were small. This man had a daughter who was bom 
with hair within her ears ; and the hair soon extended over her 
body. When Captain Yule visited the Court, he found this 
girl grown up; and she presented a strange appearance with 
even her nose densely covered with soft hair. Like her father, 
she was furnished with incisor teeth alone. The King had with 
difliculty bribed a man to marry her, and of her two children, 
one, a boy fourteen months old, had hair growing out of his 
ears, with a beard and moustache. This strange peculiarity 
had, therefore, been inherited for three generations, with the 
molar teeth deficient in the grandfather and mother ; whether 

u ‘ Gud. Cliionick,’ 1849, p. 205. 

“ ‘ Kmbossj to the Court of Ava,’ vol. i. p. 320. 

“ ‘ Narrative of a Miaeion to the Court of Ava in 1855,’ p. 94. 
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these teeth ^ would likewise fail in the infant could not be 
told. Here^ is another case communicated to me by Mr. 
Wallace on the authority of Dr. Purland, a dentist: Julia 
astrana, a Spanish dancer, was a remarkably fine woman, but 
she had a thick masculine beard and a hairy forehead ; she was 
photographed, and her stuffed skin was exhibited as a show; 
but what concerns us is, that she had in both the upper and 
lower jaw an irregular double set of teeth, one row being placed 
within the other, of which Dr. Purland took a cast. From the 
redundancy of the teeth her mouth projected, and her face had a 
gorilla-like apiiearance. These cases and those of the hairless 
dogs forcibly call to mind the fact, that the two orders of mam- 
mals— namely, the Edentata and Cetacea— which are the most 
abnormal in their dermal covering, are likewise the most ab- 
normal either by deficiency or redundancy of teeth. 

The organs of sight and hearing are generally admitted to bo 
homologous, both with each other and with the various dermal ap- 
^ndages ; hence these parts are liable to be abnormally aflfected 
in^conjunction. ^ Mr. White Cow|)er says “ that in all cases of 
“ double microphtlialmia brought under his notice he has at the 
“same time met with defective development of the dental sys- 
“ tern.” Certain forms of blindness seem to be associated with 
the colour of the hair; a man with black hair and a woman 
with light-coloured hair, both of sound constitution, married 
and had nine children, all of whom were bom blind ; of these 
children, five “with dark hair and brown iris were aflaicted 
“with amaurosis; the four others, with h'ghUoloured hair and 
“blue iris, had amaurosis and cataract conjoined.” Several 
cases could be given, showing tliat some relation exists between 
various aflfeetions of the eyes and ears; thus Liebreich states 
that out of 241 deaf-mutes in Berlin, no less than fourteen 
suffered from the rare disease called pigmentary retinitis. Mr. 
White Cowper and Dr. Earle have remarked that inability 
to distinguish different colours, or colour-blindness, “ is often 
"associated with a corresponding inability to distinguish 
“ musical sounds.” “ 



* These statements nio taken from 
Mr. Sedgwick, in the ‘ Medico-Chirurg. 
Keriew,’ July 1861, p. 198 j AprU 1863, 



pp. 455 and 458. Liebreich is quoted 
by rrofessor Devay, in his ‘Moriages 
Consnngnins,’ 1862, p. 116. 
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Here is a more curious case : white cats, if they have blue 
eyes, are almost always deaf. I formerly thought that flie rule 
was invariable, but I have heard of a few authentic exceptions. 
The first two notices were published in 1829, and relate to 
English and Persian cats : of the latter, the Eev. W. T. Bree 
possessed a female, and he states “ that of the offspring pro- 
“ duoed at one and the same birth, such as, like the mother, 
“ were entirely white (with blue eyes) were, like her, invariably 
“deaf; while those that had the least speck of colour on their 
“ fur, as invariably possessed the usual faculty of hearing.” 
The Eev. W. Darwin Fox informs me that he has seen more 
than a dozen instances of this correlation in English, Persian, 
and Danish cats ; but he adds “ that, if one eye, as I have 
“ several times observed, be not blue, the cat hears. On the 
“ other hand, iTiavo never seen a white cat with eyes of the com- 
“ mon colour that was deaf.” In France Dr. Siehel ® has ob- 
served during twenty years similar facts ; he adds the remark- 
able case of the iris beginning, at the end of four months, to 
grow dark-coloured, and then the cat first began to hear. 

This case of correlation in cats has struck many persons as 
marvellous. There is nothing unusual in the relation between 
blue eyes and white fur; and we have already seen that the 
organs of sight and hearing are often simultaneously affected. 
In the present instance the cause probably lies in a slight arrest 
of development in the nervous system in connection with the 
sense-organs. Kittens during the first nine days, whilst their 
eyes are closed, appear to be completely deaf ; I have made a 
great clanging noise with a poker and shovel close to their heads, 
both when they were asleep and awake, without producing any 
effect. The trial must not be made by shouting close to their ears, 
for they are, even when asleep, extremely sensitive to a breath 
of air. Now, as long as the eyes continue closed, the iris is no 
doubt blue, for in all the kittens which I have seen this colour 
remains for some time after the eyelids open. Hence, if we sup- 
pose the development of the organs of sight and hearing to be 
arrested at the stage of the closed eyelids, the eyes would re- 

“ lAiudon's ‘ Mog. of Nat. Hist,’ vol. on the inheritenoe of doafticss in cats, 
i., 1829, pp. 60, 178. See also Dr. P. » • Anneles dos So. Nat.’ Zooiog.,3rd 
Lncaa, ■ L’Hcred. Nat,’ tom. i. p. 428, scries, 1847, tem. viU. p. 239. 
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main permanently blue and the ears would be incapable of per- 
ceiving sound; and we should thus understand this curious case. 
Afl, however, the colour of the fur is determined long before 
birth, and as the blueness of the eyes and the whiteness of the 
fur are obviously connected, we must believe that some primary 
cause acts at an early period. 

The instances of correlated variability hitherto given have 
been chiefly drawn from the animal kingdom, and we will now 
turn to plants. Leaves, sepals, petals, stamens, and pistils are 
aU homologous. In double flowers we see that the stamens and 
pistils vary in the same manner, and assume the form and colour 
of the petals. In the double columbine {Aquilegia vulgarU), the 
successive whorls of stamens are converted into cornucopias, 
which are enclosed within each other and resemble the petals. 
In hose-and-hose flowers the sepals mock the petals. In some 
cases the flowers and leaves vary together in tint : in all the 
varieties of the common pea, which have purple flowers, a 
purple mark may be seen on the stipules. In other cases the 
leaves and fruit and seeds vary together in colour, as in a 
curious pale-leaved variety of the sycamore, which has recently 
been described in France,” and as in the purple-leaved hazel, in 
which the leaves, the husk of the nut, and the pellicle round 
the kernel are all coloured purple.” Pomologists can predict 
to a certain extent, from the size and appearance of the 
leaves of their seedlings, the probable nature of the fhiit ; for, 
as Van Mens remarks,® variations in the leaves are generally 
accompanied by some modification in the flower, and con- 
sequently in the fruit. In the Serpent melon, which has a 
narrow tortuous fruit above a yard in length, the stem of the 
plant, the peduncle of the female flower, and the middle lobe 
of the leaf, are all elongated in a remarkable manner. On the 
other hand, several varieties of Cucurbita, which have dwarfed 
stems, all produce, as Naudin remarks with surprise, leaves of 
the same peculiar shape. Mr. G. Maw informs me that all the 
varieties of the scarlet Pelargoniums which have contracted or 
imperfect leaves have contracted flowers : the difference between 

* Gardener's Chron.,’ 1864, p. 1202. 

« Vcrlot gives several other instances, ‘ Des Variate's,’ 1865, p. 72. 

“ ‘Arbrca Fruitiers,’ 1836, tom. ii. pp. 204, 226. 
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“ Brilliant ” and its parent “ Tom Thumb ” is a good instance of 
this. It may be suspected that the curious case described by 
Bisso,“ of a variety of the Orange which produces on the young 
shoots rounded leaves with winged petioles, and afterwards 
elongated leaves on long but wingless petioles, is connected 
with the remarkable change in form and nature which the fruit 
undergoes during its development. 

In the following instance we have the colour and form 
of the petals apparently correlated, and both dependent on 
the nature of the season. An observer, skilled in the subject, 
writes,” “ I noticed, during the year 1842, that every Dahlia, of 
“ which the colour had any tendency to scarlet, was deeply 
“ notched — indeed to so great an extent as to give the petals the 
“ appearance of a saw ; the indentures were, in some instances, 
“ more than a quarter of an inch deep.” Again, Dahlias which 
have their petals tipped with a different colour from the rest are 
very inconstant, and during certain years some, or oven all the 
flowers, become uniformly coloured ; and it has been observed 
with several varieties,*® that when this happens the petals grow 
much elongated and lose their proper shape. This, however, 
may be due to reversion, botli in colour and form, to the 
aboriginal species. 



In this discussion on correlation, we have hitherto treated of 
cases in which we can partly understand the bond of connexion ; 
but I will now give cases in which we cannot even conjecture, or 
can only very obscurely see, what is the nature of the bond. 
Isidore Geoffrey St. Hilaire, in his work on Monstrosities, in- 
sists,** “ quo certaines anomalies coexistent rarement entr’eUes, 
“d’autres frequemment, d’autres enfln presque constamment, 
“ malgre la difference tres-grande de leur nature, et quoiqu’elles 
“puissent paraitre compVetement ind^pendantes les unes des 
“autres.” We see something analogous in certain diseases: 
thus I hear from Mr. Paget that in a rare affection of the 

* ‘ Amutlcs du Musdum/ tom, xx. p. » ‘ Hiat. des Anomalies/ tom. iii, p. 

402. See also M. Cnmille Darcsto, 
^ ‘Gardener's Chron./ 1843, p. 877. * Reclicrches snr les Conditions,’ &C., 

“ Ibid., 1845, p. 102. 1863, pp. 16, 48. 
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renal capsules (of which the functions are unknown), the skin 
becomes bronzed ; and in hereditary syphilis, both the milk and 
^e second teeth assume a peculiar and characteristic. form, 
frofe^r EoUeston, also, informs me that the incisor teeth aro 
Mmetimes furnished with a vascular rim in correlation with 
intra-pulmonary deposition of tubercles. In other cases of 

1 cyanosis the nails and finger-ends become 

clubM like acorns. I believe that no explanation has been 
offered of these and of many other cases of correlated disease. 

W hat can be more curious and less intelligible than the fact 
previously given, on the authority of Mr. Tegetmeier, that 
young pigeons of all breeds, which when mature have white, 
yeUow, silver-blue, or dun-coloured plumage, come out of the 
egg almost naked ; whereas pigeons of other colours when first 
bom are clothed with plenty of down ? Wliite Pea-fowls, as has 
been observed both in England and France,* and as I have 
myself seen, aro inferior in size to the common coloured kind ; 
and this cannot be accounted for by the belief that albinism is 
always accompanied by constitutional weakness; for white or 
albino moles are generally larger than the common kind. 

To turn to more important ojiaracters : the niata cattle of the 
Pampas are remarkable from their short foreheads, upturned 
muzzles, and curved lower jaws. In the skull the nasal and pre- 
maxillary bones are much shortened, the maxillaries are excluded 
from any junction with the nasals, and all the bones are slightly 
modified, even to the plane of the occiput. From the analogical 
case of the dog, hereafter to be given, it is probable that the 
shortening of the nasal and adjoining bones is the proximate 
cause of the other modifications in the skull, including the 
upward curvature of the lower jaw, though we cannot follow 
out the'steps by which these changes have been effected. 

Polish fowls have a large tuft of feathers on their heads ; and 
their skulls are perforated by numerous holes, so that a pin can 
be driven into the brain without touching any bone. That 
this deficiency of bone is in some way connected with the tuft 
of feathers is clear from tufted ducks and geese likewise having 

» Bev. E. S. Dixon, ‘Omnmontal Poultry,’ 1848, p. Ill; Isidote Geoffroy, 

* Hist. Anomalies,' tom. i. p. 211. 
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, perforated skulls. The case would probably be considered by 
' . ■ some authors as one of bolancement or compensation. In the 
V •• chapter on Fowls, I have shown that with Polish fowls the tuft 
of feathers was probably at first small; by continued selection 
it became larger, and then rested on a fleshy or fibrous mass • 
and finally, as it became stiU larger, the skull itself became 
more and more protuberant until it acquired its present ex- 
traordinary structure. Through correlation with the protu- 
berance of the skull, the shape and even the relative connexion 
of the premaxillary and nasal bones, the shajre of the orifice of 
the nostrils, the breadth of the frontal bone, the shape of the 
post-lateral processes of the frontal and squamosal bones, and 
the direction of the bony cavity of the ear, have all been modi- 
fied. The internal configuration of the skull and the whole 
shape of the brain have likewise been altered in a truly mar- 
vellous manner. 

After this case of the Polish fowl it would be superfluous to 
do more than refer to the details previously given on the 
. manner in which the changed form of the comb, in various 
breeds of the fowl, has affected the skull, causing by correlation 
crests, protuberances, and depressions on its surface. 

With our cattle and sheep the horns stand in close con- 
nexion with the size of the skull, and with the shape of the 
frontal bones; thus Cline’’ found that the skull of a homed 
ram weighed five times as much as that of a hornless ram of 
the same age. When cattle become hornless, the frontal bones 
are “ materially diminished in breadth towards the poll ;” and 
the cavities between the bony plates “ are not so deep, nor do 
“ they extend beyond the frontals.” 

It may be well here to pause and observe how the effects 
of correlated variability, of the increased use of parts, and of the 
accumulation through natural selection of so-called simntaneous 
variations, are in many cases inextricably commingled. We 
may borrow an illustration from Mr. Herbert Spencer, who 
remarks that, when the Irish elk acquired its gigantic horns, 
weighing above one hundred pounds, numerous co-ordinated 

” ‘On the Ureediag of Domestic Animnls,’ 1829, p. C. 

- Yonatt on Cattle, 1834, p. 283. 
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changes of structure would have been indispensable, — ^namely, 
a thickened skull to carry the horns; strengthened cervical 
vertebra;, with strengthened ligaments; enlarged dorsal verte- 
brro to support the neck, with powerful fore-legs and feet ; all 
these parts being supplied with proper muscles, blood-vessels, 
and nerves. How then could these admirably co-ordinated 
modifications of structure have been acquired? According to 
the doctrine which I maintain, the horns of the male elk were 
slowly gained through sexual selection, — ^that is, by the best- 
armed males conquering the worse-armed, and leaving a greater 
number of descendants. But it is not at all necessary that 
the several parts of the body should have simultaneously varied. 
Each stag presents individual differences, and in the same 
district those which had slightly heavier horns, or stronger 
necks, or stronger bodies, or were the most courageous, would 
secure the greater number of does, and consequently leave a 
greater number of offspring. The offspring would inherit, in 
a greater or less degree, these same qualities, would occasionally 
intercross with each other, or with other individuals varying in 
some favourable manner; and of their offspring, those which 
were the best endowed in any respect would continue multi- 
plying; and so onwards, always progressing, sometimes in one 
direction, and sometimes in another, towards the present excel- 
lently co-ordinated structure of the male elk. To make this 
dear, let us reflect on the probable steps, as shown in the 
twentieth chapter, by which our race and dray-horses have 
arrived at their present state of excellence ; if we could view the 
whole series of intermediate forms between one of these animals 
and an early unimproved progenitor, we should behold a vast 
number of animals, not equally improved in each generation 
throughout their entire structure, but sometimes a little more 
in one point, and sometimes in another, yet on the whole gradu- 
ally approaching in character to our present race or dray- 
horses, which are so admirably fitted in the one case for fleetness 
and in the other for draught. 

Although natural selection would thus ” tend to give to the 

® Mr. Herbert Spencer Principles remarks ; “ We have seen reason to 
of Biology,’ 18C4, Tol. i. pp. 452, 468) “ think that, as fast as essential fooulUes 
takes a different view ; and in one place “ multiply, and as fest as the number of 
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male elk its present structure, yet it is probable that the inhe- 
rited influence of use has played an equal or more important 
part As the horns gradually increased in weight, the muscles 
of the neck, with the bones to which they are attached, would 
increase in size and strength ; and these parts would react on 
the body and legs. Nor must we overlook the fact that certain 
parts of the skull and the extremities would, judging by analogy, 
tend from the first to vary in a correlated manner. The increa^ 
weight of the horns would also act directly on the skull, in the 
same manner as, when one bone is removed in the leg of a 
dog, the other bone, which has to carry the whole weight of the 
body, increases in thickness. But from the facts given with 
respect to homed and hornless cattle, it is probable that the 
horns and skull would immediately act on each other through 
the principle of correlation. Lastly, the growth and subse- 
quent wear and tear of the augmented muscles and bones 
would require an increased supply of blood, and consequently 
an increased supply of food; and this again would require 
increased powers of mastication, digestion, respiration, and 
excretion. 



Colour as Correlated with Comtitvtional Pecsdiarities. 

It is an old belief that >vith man there is a connexion between 
complexion and constitution ; and I find that some of the best 
authorities believe in this to the present day." Thus Dr. 
Beddoe by his tables shows “that a relation exists between 
liability to consumption and the colour of the hair, eyes, and 
skin. It has been affirmed * that, in the French army which 
invaded Russia, soldiers having a dark complexion, from the 



“ organa that oo.opeiato in any giren 
“ function incrcaace, indirect equilibia- 
“ tion through natural aelcctiou becomes 
“ lees and loss capable of producing spe- 
“ciflo adaptations; and remains fully 
“ capable only of maintaining the gene- 
•• ral fltncssof constitution to conditiona.” 
This view that natural selection can do 
little in modifying the higher animals 
surprises mo, seeing that man’s aeloo- 



" Dr. Prosper Lucas apparently dis- 
believes in any such connexion, ‘ L’Hdtdd. 
Nat.’ tom. ii. pp. 88-94. 

“ ‘British Medical Journal,’ 1862, p. 

“ Boudin, ‘Gc'ograph. Medicale,’ 
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southern parts of Europe, withstood the intense cold better than 
those with lighter complexions from the north ; but no doubt 
such statements are liable to error. 

In the second chapter on Selection I have given several cases 
proving that mth animals and plants differences in colour are 
correlated with constitutional differences, as shown by greater or 
less immunity from certain diseases, from the attacks of parasitic 
plants and animals, from burning by the sun, and from the 
action of certain poisons, men aU the individuals of any one 
variety possess an immunity of this nature, we cannot feel sure 
that it stands in any sort of correlation with their colour ; but 
when several varieties of the same species, which are similarly 
coloured, are thus characterised, whilst other coloured varieties 
are not thus favoured, we must believe in the existence of a 
correlation of this kind. Thus in the United States purple- 
fruited plums of many kinds are far more affected by a certain 
disease than green or yellow-fruited varieties. On the other 
hand, yellow-fleshed peaches of various lands suffer from another 
disease much more than the white-fleshed varieties. In the 
Mauritius red sugar-canes are much less affected by a particular 
disease than the white canes. White onions and verbenas are 
the most liable to mildew ; and in Spain the green-fruited grapes 
suffered from the vine-disease more than other coloured varieties. 
Dark-coloured pelargoniums and verbenas are more scorched by 
the sun than varieties of other colours. Red wheats are believed 
to be hardier than white; whilst red-flowered hyacinths were 
more injured during one particular winter in Holland than other 
colom-ed varieties. With animals, white terriers suffer most 
from the distemper, white chickens from a parasitic worm in 
their tracheie, white pigs from scorching by the sun, and white 
cattle from flies ; but the caterpillars of the silk-moth which 
yield white cocoons suffered in France less from the deadly 
parasitic fungus than those producing yellow silk. 

The cases of immunity from the action of certain vegetable 
poisons, in connexion with colour, are more interesting, and are 
at present wholly inexplicable. I have already given a remark- 
able instance, on the authority of Professor Wyman, of aU the 
hogs, excepting those of a black colour, suffering severely 
in Virginia from eating the root of the Laohumtlm tinctoria. 
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According to Spinola and others,” buckwheat {Polygonum fago- 
pyrum), when in flower, is highly injurious to white or white- 
spotted pigs, if they are exposed to the heat of the sun, but 
is quite innocuous to black pigs. By two accounts, the Ey- 
perieum crixpum in Sicily is poisonous to white sheep alone; 
their heads swell, their wool falls off, and they often die ; but 
this plant, according to Lecce, is poisonous only when it growns 
in swamps ; nor is this improbable, as we know how readily the 
poisonous principle in plants is influenced by the conditions 
under which they grow. 

Three accounts have been published in Eastern Prussia, 
of white and white-spotted horses being greatly injured by 
eating mildewed and honeydewed vetches ; every spot of skin 
bearing white hairs becoming inflamed and gangrenous. The 
Eev. J . Eodwell informs me that his father turned out about 
fifteen cart-horses into a field of tares which in parts swarmed 
with black aphides, and which no doubt were honeydewed, and 
probably mildewed ; the horses, with two exceptions, were ches- 
nuts and bays with white marks on their faces and pasterns, 
and the white part.s alone swelled and became angry scabs. 
The two bay horses with no white marks entirely escaped all 
injury. In Guernsey, when horses eat fools’ parsley {Mthuta 
cynapium) they are sometimes violently purged ; and this 
plant “has a peculiar effect on the nose and lips, causing 
“deep cracks and ulcers, particularly on horses with white 
“muzzles.”® With cattle, independently of the action of 
any poison, cases have been published by Youatt and Erdt 
of cutaneous diseases with much constitutional disturbance (in 
one instance after exposure to a hot sun) affecting every single 
point which bore a white hair, but completely passing over 
other parts of the body. Similar cases have been observed 
with horses.® 

We thus see that not only do those parts of the skin which 
bear white hair differ in a remarkable maimer from those bearing 



” This fact and the following cases 
when not stated to the contrary, are 

Prof. Heusinger, la ‘ WochenschS't fiir 
neilkunde,’ Uay, 1846, s. 277. 



® Mr. Mogford, in the ■ Veterinarian.’ 
quoted in ‘ The Field,’ Jon. 22, 1861, p. 
S45. 

® ‘ Edinburgh Veterinary Journal,’ 
Oct. 1860, p. 347. 
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hair of any other colour, but that in addition some great con- 
stitutional difference must stand in correlation ivith the colour 
of the hair ; for in the above-mentioned cases, vegetable poisons 
caused fever, swelling of the head, as well as other symptoms, 
and even death, to all the white, or white-spotted animals. 
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On the Affinity of Somologous Parte. — This law was first 
generalised by Geofiroy Saint Hilaire, under the expression of 
La hi de V affinity de eoi pour eoi. It has been fully discussed and 
illustrated by his son, Isidore Geofiroy, with respect to monsters 
in the animal kingdom,' and by Moquin-Tandou, with respect 
to monstrous plants. When similar or homologous parts 
whether belonging to the same embryo or to two distinct 
embryos, are brought during an early stage of development into 
contact, they often blend into a single part or organ ; and this 
complete fusion indicates some mutual affinity between the 
parts, otherwise they would simply cohere. Whether any 
power exists which tends to bring homologous parts into con- 
tact seems more doubtful. The tendency to complete fusion is 
not a rare or exceptional fact. It is exhibited in the most 
stnk^ manner by double monstei-s. Nothing can be more ex- 
tiaordmary than the manner, as shown in various published 
plates, in which the corresponding parts of two embryos become 
mtimately fused together. This is perhaps best seen in monsters 
mth two heads which are united, summit to summit, or face to 
f^e, or Janus-like, back to back, or obliquely side to side. In 

obliquely, four ears were developed, and on one side a perfect 
face, which was manifestly formed by the union of two half- 

■ • Hist dCB Anomahes,- 1832. Ion. i. pp, 22. 537-556; tom. iil. p. 462. 

z 2 
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faces. Whenever two bodies or two heads are united, each 
bone, muscle, vessel, and nerve on the line of junction seems 
to seek out its fellow, and becomes completely fused with it. 
Lereboullet,® who carefully studied the development of donble 
monsters in fishes, observed in fifteen instances the steps by 
which two heads gradually became fused into one. In this and 
other such cases, no one, I presume, supposes that the two 
already formed heads actually blend together, but that the 
corresponding parts of each head grow into one during the 
further progress of development, accompanied as it always is 
with incessant absorption and renovation. Double monsters 
were formerly thought to be formed by the union of two 
originally distinct embryos developed upon distinct vitelli ; but 
now it is admitted that “ their production is due to the sponta- 
“neous divarication of the embryonic mass into two halves 
this, however, is eflected by different methods. But the belief 
that double monsters originate from the division of one germ, 
does not necessarily affect the question of subsequent fusion, or 
render less true the law of the afiSnity of homologous parts. 

The cautious and sagacious J. Muller,* when speaking of 
J anus-like monsters, says that “ without the supposition that some 
“kind of affinity or attraction is exerted between cortespontling 
“parts, unions of this kind are inexplicable.” On the other 
hand, Vrolik, and he is followed by others, disputes this con- 
clusion, and argues from the existence of a whole series of mon- 
strosities, graduating from a perfectly double monster to a mere 
rudiment of an additional digit, that “ an excess of formative 
“ power ” is the cause and origin of every monstrous duplicity. 
That there are two distinct classes of cases, and that parts may be 
doubled independently of the existence of two embrj-os, is certain ; 
for a single embryo, or even a single adnlt animal, may produce 
doubled organs. Thus Valentin, as quoted by Vrolik, injured 
the caudal extremity of an embryo, and three days afterwards it 
produced rudiments of a double pelvis and of double hind limbs. 

’ ‘Comptes Eendns,' 1855, pp. 855, « ‘Elements of Physiology,- Eng. 

1“?9. translat., vol. L, 1838, p. 412. With 

’ Carpenter’s ‘Comp. Phys.,’ 1854, respect to Vrolik, see Todd's • Cyclop, of 
p. 480: see also CamiUe Dareste, Anat and Phys,’ Toh iv, 18t».52, 

‘ Comptes Uendus,’ March 20th, 1865, p. 073, 
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Hunter and others have observed lizards with their tails repro- 
duced and doubled. AYhen Bonnet divided longitudinally the 
foot of the salamander, several additional digits were occasionally 
formed. But neither these cases, nor the perfect series from a 
double monster to an additional digit, seem to me opposed to 
the belief that corresponding parts have a mutual affinity, and 
consequently tend to fuse together. A part may be doubled 
and remain in this state, or the two parts thus formed may 
afterwards through the law of affinity become blended ; or two 
homologous parts in two separate embryos may, through the 
same principle, unite and form a single part. 

The law of the affinity and fusion of similar parts applies to 
the homologous organs of the same individual animal, as well as 
to double monsters. Isidore Geoffiroy gives a number of in- 
stances of two or more digits, of two whole legs, of two kidneys, 
and of several teeth becoming symmetrically fused together in 
a more or less perfect manner. Even the two eyes have been 
known to unite into a single eye, forming a cyclopean monster, 
as have the two ears, though naturally standing so far apart. 
As Geoffroy remarks, these facts illustrate in an admirable 
manner the normal fusion of various organs which during an 
early embryonic period are double, but which afterwards always 
unite into a single median organ. Organs of this nature are 
generally found in a permanently double condition in other 
members of the same class. These cases of normal fusion 
appear to me to afford the strongest support in favour of the 
present law. Adjoining parts which are not homologous some- 
times cohere; but this cohesion appears to result from mere 
juxtaposition, and not from mutual affinity. 

In the vegetable kingdom Moquin-Tandon® gives a long 
list of cases, showing how frequently homologous parts, such 
as leaves, petals, stamens, and pistils, as well as aggregates of 
homologous parts, such as buds, flowers, and fruit, become 
blended into each other with perfect symmetry. It is interesting 
to examine a compound flower of this nature, formed of exactly 
double the proper number of sepals, petals, stamens and pistils, 
with each whorl of organs circular, and with no trace left of the 

‘ ‘T6atologie Ve'g.,’ 1811, Uvre iU. 
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process of fusion. The tendency in homologous parts to unite 
during their early development, Moquin-Tandon considers as 
one of the most striking laws governing the production of 
monsters. It apparently explains a multitude of cases, both in 
the animal and vegetable kingdoms; it throws a clear light on 
many normal structures which have evidently been formed by 
the union of originally distinct parts, and it possesses, ns we 
shall see in a future chapter, much theoretical interest. 

On the Variabmy of MuUiple and Somologoui Parte.— 
Isidore Geoffroy* insists that, when any part or organ is 
repeated many times in the same animal, it is particularly 
liable to vary both in number and structure. With respect to 
number, the proposition may, I think, be considered as fuUy 
established; but the evidence is chiefly derived from organic 
beings living under their natural conditions, with which we are 
not here concerned. When the vertebrm, or teeth, or rays in 
the fins of fishes, or feathers in the tails of birds, or petals, 
stamens, pistils, and seeds in plants, are very numerous, the 
number is generally variable. The explanation of this simple 
fact is hy no means obvious. With respect to the variability in 
structure of multiple parts, the evidence is not so decisive ; but 
the fact, as far as it may be trusted, probably depends on mul- 
tiple parts being of less physiological importance than single 
parts; consequently their perfect standard of structure has been 
less rigorously enforced by natural selection. 

Compeneatim of Groteth, or Balancement . — This law, as applied 
to natural species, was propounded by Goethe and Geoffrey St. 
Hilaire at nearly the same time. It impUes that, when much 
oiganised matter is used in building up some one part, other 
parts are starved and become reduced. Several authors, 
especially botanists, believe in this law; others reject it. As 
far as I can judge, it occasionally holds good ; but its im- 
portance has probably been exaggerated. It is scarcely possible 
to distinguish between the supposed effects of such compensation 
of growth, and the effects of long-continued selection, which 

• ‘Htal. dc« Anomalies,’ tom. Ui. pp. 4. S. 6. 
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may at the same time lead to the augmentation of one part and 
the diminution of another. There can be no doubt that an organ 
may be greatly increased without any corresponding diminution 
in the adjoining parts. To recur to our former illustration 
of the Irish elk, it may be asked what part has suffered in con- 
sequence of the immense development of the horns ? 

It has already been observed that the struggle for existence 
does not bear hard on our domesticated productions; conse- 
quently the principle of economy of growth will seldom affect 
tliem, and we ought not to expect to find frequent evidence of 
compensation. We have, however, some such cases. Moquin- 
Tandon describes a monstrous bean,’ in which the stipules were 
enormously developed, and the leaflets apparently in conse- 
quence completely aborted ; this case is interesting, as it repre- 
sents the natural condition of Lathyru» aphcuia, with its stipules 
of great size, and its leaves reduced to mere threads, which act 
ns tendrils. De Candolle ’ has remarked that the varieties of 
Raphanui gativus which have small roots yield numerous seed, 
valuable from containing oil, wliilst those with large roots are 
not productive in this latter respect ; and so it is with Brastica 
aaperifolia. The varieties of the potato which produce tubers 
very early in the season rarely bear flowers ; but Andrew 
Knight,’ by checking the growth of the tubers, forced the plants 
to flower. The varieties of Cucurhita pepo which produce 
large fruit yield, according to Naudin, few in number ; whilst 
those producing small fruit yield a vast number. Lastly, 
I have endeavoured to show in the eighteenth chapter that with 
many cultivated plants unnatural treatment checks the full 
and proper action of the reproductive organs, and they are 
thus rendered more or less sterile; consequently, in the way 
of compensation, the fruit becomes greatly enlarged, and, in 
double flowers, the petals are greatly increased in number. 

With animals, it has been found difficult to produce cows 
which should first yield much milk, and afterwards be capable of 

' ‘ Teratologio VSg.,’ p. 156. See also » . M5moires du Musiium,’ Ac., tom. 

my poper on climbing plants in ‘ Jour- riii. p, 178. 

”” jJ *4 ’ Loudon’s ‘ Encyclop. of Gardening,’ 
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fattening well. With fowls which have large topknots and 
beards the comb and wattles are generally much reduced in 
size. Perhaps the entire absence of the oil-gland in fantail 
pigeons may be connected with the great development of their 
tails. 



Mechanical Preetitre as a Cause of Modifications . — ^In some ’ 
few cases there is reason to believe that mere mechanical 
pressure has affected certain structures. Every one knows that 
savages alter the shape of their infants’ skulls by pressure at 
an early age ; but there is no reason to believe that the result 
is ever inherited. Nevertheless Vrolik and Weber maintain 
that the shape of the human head is influenced by the shape 
of the mother’s pelvis. The kidneys in different birds differ 
much in form, and St. Ange" believes that this is determined 
by the form of the pelvis, which again, no doubt, stands in 
close relation with their various habits of locomotion. In snakes, 
the viscera are curiously displaced, in comparison with their 
position in other vei-tebrates ; and this has been attributed by 
^me authors to the elongation of their bodies ; but here, as 
in so many previous cases, it is impossible to disentangle any 
direct result of this kind from that consequent on natural selec- 
tion. Godron has argued “ that the normal abortion of the 
spur on the inner side of the flower in Corydalis, is caused by 
the buds being closely pressed at a very early period of growth, 
whilst under ground, against each other and against the stem. 
Some botanists believe that the singular difference in the shape 
both of &e seed and corolla, in the interior and exterior florets 
in certain compositions and umbelliferous plants, is duo to the 
pressure to which the inner florets are subjected ; but this con- 
clusion is doubtful. 

The facts just given do not relate to domesticated produc- 
tions, and therefore do not strictly concern us. But here is 
a more appropriate case : H. MiiUer” has shown that in short- 



” Prichard, ‘Phya. Hist of Man- 1039. 

i.p 324 '“TJeber Folalo Eachiles, •Wiirs- 

Aunales dcs Sc, Nat,, 1st series, burger Medicin. Zcitschrift,’ 1860, B. i. 

tom. TIT. n ft5>7 « Oi.B ^ ’ 
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faced races of the dog some of the molar teeth are placed in a 
slightly different position from that which they occupy in other 
dogs, especially in those having elongated muzzles ; and as 
he remarks, any inherited change in the arrangement of the 
teeth deserves notice, considering their classificatory import- 
ance. This difference in position is due to the shortening of 
certain facial bones, and the consequent want of space ; and 
the shortening results from a peculiar and abnormal state of 
the basal cartilages of the bones. 

Belative Position of Flowers with respect to the Axis, and of Seeds 
in the Capsule, as inducing Variation. 

In the thirteenth chapter various pelorio flowers were described, and 
their production was shown to bo duo either to arrested development, or 
to reversion to a primordial condition. Moquin-Tandon has remarked 
that the flowers which stand on the summit of the main stem or of 
a lateral branch are more liable to become pelorio than those on the 
sides;'* and he adduces, amongst other instances, that of Teucrium cam- 
jianulcUum. In another Labiate plant grown by me, viz. the QateMolon 
luteum, the peloric flowers were always produced on the summit of the 
stem, where flowers are not usually borne. In Pelargonium, a single 
flower in the truss is frequently peloric, and when this occurs I have 
during several years invariably observed it to bo the central flower. This 
is of such frequent occurrence that one observer'* gives the names of ten 
varieties flowering at the same time, in every one of which the central 
flower was pelorio. Occasionally more than one flower in the truss is 
peloric, and then of course the additional ones must be lateral. These flowers 
ore interesting as showing how the whole structure is correlated. In the 
common Pelargonium the upper sepal is produced into a nectary which 
coheres with the flower-peduncle ; the two upper petals differ a little in shape 
from the three lower ones, and are marked with dark shades of colour ; the 
stamens are graduated in length and upturned. In the peloric flowers, 
the nectary aborts; all the petals become alike both in shape and colour; 
the stamens axe generally reduced in number a nd become straight, so that 
the whole flower resembles that of the allied genus Erodium. The cor- 
relation between these changes is well shown when one of the two upper 
petals alone loses its dark mark, for in this case the nectary does not 
entirely abort, but is usually much reduced in length. 



" ‘ Tcratologie Vcg.,’ p. 192. Dr. M. 
Masters informs me that he doubts the 
truth of this conclusion ; but the facts 
to bo given seems to be sul^ent to es- 
tablish it. 

»* ‘Journal of Horticulture/ July 



2nd. 18U1, p. 253. 

It would bo worth trial to fertilise 
with the same pollen the central and 
lateral flowers of the pelargonium, and 
of some other highly cultivated plants, 
protecting them of course from insects : 
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Morren has described a marvellous flask-shaped flower of the Calceo- 
®’““‘ completely peloric; 

P'“‘' “ “o™*' 

three Similar peloric flowers, which aU 
^rPh^taao^® flo’^er-branches. In the Orchideous 

I^a T ^ *>““ •" >»““e peloric. 

In a Laburnum-tree I observed that about a fourth part of the racemes 

STOre^'^“’'r *'*“'■ P»PU'^^>is structure. 

o'*®'' flowers on the same racemes 
irite bla^t® ^ “ PotelB. each 

to resist thf chi ® r on the standard-petal. Thekeelseemed 

an erell V P®*®'®' ®"“'“flot has described » 

M erectly ^1 m case m France, and I beUeve these are the only two 
iM^CM of pelorism m the laburnum which have been recorded. 

a tem^l flower, w that, as m the case of the Galeobdolon, their position 
«s well os their structuro are both anomaliee, which no doubt are in 
some “^er related. Dr. Masters has briefly described another logumi- 
® ®P“‘0» of olover, in which the uppermost and 
central flowers were regular or had lost their papilionaceous structure. In 
some of these plants the flower-heads wore also proliferous. 

Lastly, Linaria produces two kinds of peloric flowers, one having 
ample petals, and the other having them all spurred. The two forms, re 
winarfe.- not rarely occur on the same plant, but in this case the 
spraed fom almost mvariably stands on the summit of the spike. 

„ or ““fral flower to become peloric more fre- 

quenfly thM other flowers, probably results from “ the bud which stands 
.. V “f ® receiving th^ most sap ; it grows out into a stronger 

s^ot than those situated lower down.”” I have discussed theconnecUon 
betroen pelonsm and a central position, partly because some few plants 
Me known normally to produce a terminal flower difierent in structure 
tom the lateral on^; but chiefly on account of the foUowing case, in 
which wo see a tendency to variability or to reversion connected with 
the remo ^siUon. A great judge of Auriculas” states that when an 

buTTw ®“® *“ 'r®®P f*» character; 

but that It ^ows from the centre or heart of the plant, .whatever the 
colour of toe ^gmg ought to be, " it is just as likely to come in any other 
class as in toe one to which it properly belongs.” This is so notorious a 

al of Horticulture,’ July 



on to BOW tho seed separately, and 
servo whether tho one or tho other 
; of soodlings varied tho most. 

Quoted in ‘ Journal of Horticulture,’ 



Feb. 24, 1803, p. ]52. 

'• ‘ Ganlenor’s Chronicle,’ 
CI2. For tho Phnlmnopsis, 
1867, p. 211. 

'• Memoiroe . . desVeg^ta 



Hugo von Mohl, ‘ ’Tho Vegotablo 

!’ Knir fv ICM ws ra 



6, p. Cell,’ Eng. tr., 1852, p. 76. 
idem, O The llcv. H. H. Dombraln, 
■ Journal of Horticulture,’ 1801, J 
1837, 4th, p. 174; and June 25th, p. 2 
1862, April 20tli, p. 83. 
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fact, tliat some florists regularly pincli off the central trusses of flowers. 
■Whether in the highly improved varieties the departure of the central 
trusses from their proper typo is due to reversion, 1 do not know. Mr. 
Dombrain insists that, whatever may be the commonest kind of imper- 
fection in each variety, this is generally eiaggeratod in the central truss. 
Thus one variety “ sometimes lias the fault of producing a little green 
" floret in the centre of the flower,” and in central blooms these become 
excessive in size. In some central blooms, sent to me by Mr. Dombrain, 
all the organs of the flower were rudimentary in structure, of minute size, 
and of a green colour, so that by a little further change all would have 
been converted into small leaves. In this case we clearly see a ten- 
dency to prolification— a term which, I may explain to those who have 
never attended to botany, means the production of a branch or flower, 
or head of flowers, out of another flower. Now Dr. Masters” states that 
the central or uppermost flower on a plant is generally the most liable to 
prolification. Thus, in the varieties of the Auricula, the loss of their 
proper character and a tendency to prolification, and in other plants a ten- 
dency to prolification and pelorism, are all connected together, and are due 
either to arrested development, or to reversion to a former condition. 

The following is a more interesting case ; Metzger” cultivated iu Ger- 
many several kinds of maize brought from the hotter parts of America, 
and he found, as has boon previously described, that iu two or three 
generations the grains became greatly changed iu form, size, and colour ; 
and with respect to two races ho expressly states that in the first genera- 
tion, whilst the lower grains on each head retained their proper character, 
the uppermost grains already began to assume that character which in 
the third generation all the grains acquired. As we do not know the 
aboriginal parent of tlio maize, we cannot tell whether these changes are 
iu any way connected with reversion. 

In the two following cases, reversion, as influenced by the position of 
the seed in the capsule, evidently acts. The Blue Imperial pea is tlie 
offspring of the Blue Prussian, and 1ms larger seed and broader pods 
than its parent. Now Mr. Masters, of Canterbury, a careful observer and 
a raiser of now varieties of the pea, states* that the Blue Imperial always 
1ms a strong tendency to revert to its parent-stock, and the reversion 
" occurs in this manner; the last (or uppermost) pea in the pod is fre- 
" quently mu6h smaller than the rest ; and if these small peas are care- 
" fully collected and sown separately, very many more, in proportion, 
“ will revert to their origin, than those taken from the other parts of the 
" pod.” Again M. Chat6“ says that in raising seedling stocks ho succeeds 
in getting eighty per cent, to bear double flowers, by leaving only a few of 
the secondary branches to seed ; but in addition to this, “ at the time 
“ of extracting the seeds, the upper portion of the pod is separated and 



” ‘ Transact. Linn. Soc.,’ vol. xrili. 
1861, p. 360. 

» ‘DioGetreidcarton,’ 1843, s. 208, 
209. 



* ‘ Gardener’s Chronicle,’ 1850, p. 
198. 

Quoted in ‘Gardener’s CUron.,’ 
1800, p. 74. 
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" placed aside, because it has been ascertained that the plants coming from 
the seo^ situated in this portion of the pod, give eighty per cent, of single 
*' Now tlie production of single-flowering plants from the seed of 

doubl^flowemg plants is dearly a case of reversion. These latter facte, 
ns weU M the connection between a central position and pelorism and 
prohfication, show man interesting manner how small a ditfeienco-namely 
a httle ^ter freedom in the flow of sap towards one part of the same 



Aruxhgom or Paralkl VariaUm.—BY this term I wish to 
express that similar characters occasionally make their appear- 
ance in the several varieties or races descended from the same 
species, and more rarely in the offspring of widely distinct species. 
We are here concerned, not as hitheito with the causes of varia- 
tion, but with the results ; but this discussion could not have 
been more conveniently introduced elsewhere. The eases of 
analogous variation, as far as their origin is concerned, may be 
grouped, disregarding minor subdivisions, under two main heads ; 
fli-stly, those due to unknown causes having acted on organic 
beings with nearly the same constitution, and which consequently 
vary in an analogous manner ; and secondly, those due to the 
reappearance of characters which were possessed by a more 
or less remote progenitor. But these two main divisions can 
often be only conjecturally separated, and graduate, as w-e a lmll 
presently see, into each other. 



Under the first head of analogous variations, not duo to reversion, we 
have the many cases of trees belonging to quite diflerent orders which 
have produced pendulous and festigate varieties. The beech, hazel, and 
barberry have given rise to purple-leaved varieties; and as Bernhardi 
has remarked,” a multitude of plants, as distinct as possible, have yielded 
varieties with deeply-cut or lacimatcd leaves. Varieties descended from 
three distinct species of Brassica have their stems, or so-called roots en- 
larged into globular masses. The nectarine is the offspring of the peach ; 
and tho varieties of both these trees offer a remarkable parallelism in the 
fruit being white, red, or yellow fleshed— in being clingstones or free- 
stones— in the flowers being large or small— in the leaves being serrated 
or crenated, furnished with globose or reniform glands, or quite destitute 
of glands. It should be remarked that each variety of the nectarine has 
not derived its cliaracter from a corresponding variety of the peach. The 
several varieties also of a closely allied genus, namely tho apricot, diSer 
from each other in nearly tlie same parallel manner. There is no reason 



« ■ Ueber den Bcgriff der Pflanzenart,’ 1834, s. H. 



Darwin Online: By permission of the Trustees of the Natural History Museum (London) 



ANALOGOUS VARIATION. 



349 



to belioTO tliat in any of these coses long-lost characters have reappeared, 
and in most of them this certainly has not occurred. 

Three species ofCucurbita havo yielded a multitude of races, wliich cor- 
respond so closely in cliaracter that, as Naudin insists, they may be ar- 
ranged in an almost strictly parallel series. Several varieties of the melon 
are interesting from resembling in important characters other species, either 
of the same genus or of allied genera; thus, one variety has fruit ito like, 
both externally and internally, the fruit of a perfectly distinct species’ 
namely, the cucumber, as hardty to bo distinguished from it; another has 
long cylindrical fruit twisting about like a serpent; in another the seeds 
adhere to portions of the pulp; in another the fruit, when ripe, suddenly 
cracks and fells into pieces; and all these highly remarkable peculia- 
rities are characteristic of species -belonging to allied genera. Wo can 
liardly account for the appearance of so many unusual characters by 
reversion to a single ancient form; but we must believe that all the 
members of the family have inherited a nearly similar constitution from an 
early progenitor. Our cereal and many other plants offer similar cases. 

With animals' we have fewer cases of analogous variation, independently 
of direct reversion. We see something of the kind in the resemblance 
between the short-muzzled races of the dog, such as the pug and bull- 
dog ; in feather-footed races of the fowl, pigeon, and canary-bird ; in horses 
of the most different races presenting the same range of colour; in 
all black-and-tan dogs having tan-coloured eye-spots and feet, but in 
tliis latter caso reversion may possibly have played a part. Low has 
remarked =• that several breeds of cattle are “ sheeted.”— tliat is. have 



broad bond of white passing round their bodies like a sheet ; tliis character 
is strongly inherited and sometimes originates from a cross; it may bo 
the first step in reversion to an original or early type, for, as was shown in 
the third chapter, white cattle with dark ears, feet, and tip of tail formerly 
existed, and now exist in a feral or semi-feral condition in several 
quarters of the world. 

Under our second main division, namely, of analogous variations duo 
to reversion, the best cases are afforded by animals, and by none better 
than by pigeons. In all the most distinct breeds sub-varieties occa- 
sionally appear coloured exactly like the parent rock-pigeon, with black 
wing-bars, white loins, banded tail, &c. ; and no one can doubt that those 
characters are simply due to reversion. So with minor details; turbits 
properly have white tails, but occasionally a bird is born with a dark- 
coloured Md banded tail ; pouters properly have white primary wing- 
feathers, but not rarely a “ sword-fiighted ” bird, that is, one with the 
few first primaries dark-coloured, appears; and in these cases wo havo 
characters projier to the rock-pigeon, but now to the breed, evidently 
appearing from reversion. In some domestic varieties the wing-bars, 
instead of being simply black, as in the rock-pigeon, are beautifully 
edged with different zones of colour, and they then present a striking 
analogy with the wing-bars in certain natural species of the same family 
such as riiaps cMcoptera; and this may probably be accounted for by 



» ‘Domesticated AaimaU,’ 1815, p. 351. 
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oil the forms descended from the same remote progenitor having a ten- 
dency to vary in the same manner. Thus also wo can perhaps understand 
the feet of some Laugher-pigeons cooing almost like turtle-doves, and 
of several races having pecnUarities in their flight, for certain natural species 
(viz. a. tor<i<uUnx and palumbia) display singular vagaries in this respect. 
In other cases a race, instead of imitating in character a distinct species, 
resembto some other race; thus certain runts tremble and slightly elevate 
their tails, like fantails; and turbits inflate the upper part of their ceso- 
phagus, like pouteivpigoons. 

It is a TOmmon circumstance to find certain colonred marks persistently 
characterising all the species of a genus, but differing much in tint : and 
the same thing oocuis with the varieties of the pigeon : thus, instead of the 
general plumage being blue with the wing-bars black, there are snow- 
white varieties with red bars, and black varieties with white bars ; in other 
varieties the wing-bars, as wo have scon, are elegantly zoned with different 
tints. The Spot pigeon is characterised by the whole plumage being white 
excepting the tail and a spot on the forehead ; but these parts may be red’ 
yellow, or black. In the rock-pigeon and in many varieties the tail is 
blue, with the outer ^os of the outer feathers white; but mono sub- 
variety of the monk-pigeon we have a reversed variation, for the tail is 
white, except the outer edges of the outer feathers, which are black.* 

With some species of birds, for instance with gulls, certain colour^ parts 
appear as if almost washed out, and I have observed exactly the same 
appearance in the terminal dark tail-bar in certain pigeons, and in the 
whole plumage of certain varieties of the duck. Analc^us facts in tho 
vegetable kingdom could be given. 

Many sub-varieties of tho pigeon have reversed and somewhat lengthened 
feathers on tho back part of their heads, and this is certainly not due to 
reversion to the parent-species, which shows no trace of such structure; 
but when we remember that sub-varieties of the fowl, turkey, canary- 
bird, duck, and goose, all have topknots or reversed feathers on their 
hea^; and when wo remember that scarcely a single largo natural group 
of birds can bo named, in which some members have not a tuft of feathers 
on their heads, we may suspect that reversion to some extremely remote 
form has come into action. 

Several breeds of the fowl have either spangled or pencilled feathers; 
and these cannot bo derived from tho parent-species, the GaUut hmkivu ■ 
though of course it is possible that an early progenitor of this specie^ 
may have been spangled, and a stiU earUer or a later progenitor may 
have been penciUed. But as many gallinaceous birds are spangled or 
pencilled, it is a more probable view that the several domestio breeds 
of the fowl have acquired this kind of plumage from aU the members of 
tho family inheriting a tendency to vary in a like manner. Tho some 
principle may account for tho ewes in certain breeds of sheep being 
hornless, like the females of some other hollow-homed ruminants ; it may 
account for certain domestic cats having slightly-tufted cars, like those of 
tho lynx ; and for tho skulls of domestic rabbits often differing from each 
» Bcchsteiu, •NnlnrgeBchichte Deulschlands,’ Band iv., 173.% a 31. 
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other in the same characters by which tlie skulls of the rarious species of 
the genus Lepus differ. 

I will only allude to one other case, already discussed. Now that wo 
know that the wild parent of the ass has striped legs, wo may feel con- 
fident that the occasional appearance of stripes on the legs of the domestic 
ass is due to direct reversion; but this will not account for the lower 
end of the shouldeivstripo being sometimes angularly bent or shghtly 
forked. So, again, when wo see dun and other coloured horses with 
stripes on the spine, shoulders, and legs, wo are led, from reasons for- 
merly given, to believe tliat they reappear from direct reversion to tho 
wild parent-horse. But when horses have two or throe shouldei^stripcs 
with one of them occasionally forked at tho lower end, or when they 
have stripes on their faces, or as foals are faintly striped over nearly their 
whole bodies, with tlie stripes angularly bent one under tho other on 
the forehead, or irregularly branched in other parts, it would be rash to 
attribute such diversified characters to the reappearance of those proper to 
the aboriginal wild horse. As three African species of the genus are much 
striped, and as we have seen that tho crossing of tho unstriped species 
often leads to tho hybrid offspring being conspicuously striped— bearing 
also in mind that the act of crossing certainly causes the reappearance of 
long-lost characters— it is a more probable view tliat tho above-specified 
stripes are due to reversion, not to the immediate wild parent-horse, but 
to the striped progenitor of tho whole genus. 

I have discussed this subject of analogous variation at consi- 
derable length, because, in a fiiture work on natural species, 
it will be shown that tho varieties of one species frequently 
mock distinct species — a fact in perfect harmony with the fore- 
going eases, and explicable only on the theory of descent. 
Secondly, because these facts are important from showing, ns 
remarked in a former chapter, that each trifling variation is 
governed by law, and is determined in a much higher degree 
by the nature of the organisation, than by tho nature of 
the conditions to which the varying being has been exposed. 
Thirdly , because these facts are to a certain extent related to a 
more general law, namely, that wliich Mr. B. D. Walsh has 
called the “Law of Equabh Variabaity” or, as ho explains it, 
“if any given character is very variable in one species of a 
“ group, it will tend to be variable in allied species ; and if any 
“ pven character is perfectly constant in one species of a group, 
“It will tend to be constant in allied species.” 

This leads me to recall a discussion in the chapter on Selec- 
tion, m which It was shown that with domestic races, which are 
Ticc. Eutomolog. Soc. of Philadelphia,' Oct. 1S6.S, p. 213. 
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now undergoing rapid improvement, tliose parts or characters 
which are the most valued vary the most. This naturally fol- 
lows from recently selected charactera continually tending to 
revert to their former less improved standard, and from their 
being still acted on by the same agencies, whatever these may 
be, which first caused the characters in question to vary. The 
same principle is applicable to natural species, for, as stated 
in my ‘ Origin of Species,’ generic characters are less variable 
than specific characters ; and the latter are those which have 
been modified by variation and natural selection, since the period 
when all the species belonging to the same genus branched off 
from a common progenitor, whilst generic characters are those 
which have remained unaltered from a much more remote epoch, 
and accordingly are now less variable. This statement makes 
a near approach to Mr. Walsh’s law of Equable Variability. 
Secondary sexual characters, it may be added, rarely serve to 
characterise distinct genera, for they usually differ much in the 
secies of the same genus, and are highly variable in the indi- 
viduals of the same species ; we have also seen in the earlier 
chapters of this work how variable secondary sexual characters 
become under domestication. 

Summary of tiu three previous Chapters, on the Laws of Variation. 

In the twenty-third chapter we have seen that changed con- 
ditions occasionally act in a definite manner on the organisation, 
so that all, or nearly all, the individuals thus exposed become 
modified in the same manner. But a far more frequent result 
of changed conditions, whether acting directly on the organisa- 
tion or indirectly through the reproductive system being affected 
is indefinite and fluctuating variability. In the three latter 
chapters we have endeavoured to trace some of the laws by 
which such variability is regulated. 

Increased use adds to the size of a muscle, together with the 
blood-vessels, nerves, ligaments, the crests of bone to which these 
are attached, the whole bone and other connected bones. So it 
is with various glands. Increased functional activity strengthens 
the sense-organs. Increased and intermittent pressure thickens 
the epidermis ; and a change in the nature of the food some- 
times modifies the coats of the stomach, and increases or 
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decreases the length of the intestines. Continued disuse, on 
the other hand, weakens and diminishes all parts of the organi- 
sation. Animals which during many generations have taken 
but little exercise, have their lungs reduced in size, and as a 
consequence the bony fabric of the chest, and the whole form of 
the body, become modified. With our anciently domesticated 
birds, the wings have been little used, and they are slightly 
reduced; with their decrease, the crest of the sternum, the 
scapulse, coracoids, and furcula, have all been reduced. 

With domesticated animals, the reduction of a part from 
disuse is never carried so far that a mere rudiment is left, but 
we have good reason to believe that this has often occurred 
under nature. The cause of this difierence probably is that >vith 
domestic animals not only sufficient time has not been granted 
for so profound a change, but that from not being exposed 
to a severe struggle for life, the principle of the economy of 
organisation does not come into action. On the contrary, we 
sometimes see that structures which are rudimentary in the 
parent-species become partially redeveloped in their domesticated 
progeny. When rudiments are formed or left under domesti- 
cation, they are the result of a sudden arrest of development, 
aiid not of long-continued disuse with the absorption of all super- 
fluous parts; nevertheless they are of interest, as showing that 
rudiments are the relics of organs once perfectly developed. 

Corporeal, periodical, and mental habits, though the latter 
have been almost passed over in this work, become changed 
under domestication, and the changes are often inherited. Such 
changed habits in any organic being, especially when living a 
free life, would often lead to the augmented or diminished use 
-of various organs, and consequently to their modification. From 
long-continued habit, and more especially from the occasional 
birth of individuals with a slightly different constitution, domestic 
animals and cultivated plants become to a certain extent 
acclimatised, or adapted to a climate different from that proper 
to the parent-species. ^ 

Through the principle of correlated variability, when one part 
varies other parts vary,-either simultaneously or one after 
the other. Thus an organ modified during an early embryonic 
period affects other parts subsequently developed. When an 
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organ, such as the beak, increases or decreases in length, 
adjoining or correlated parts, as the tongue and the orifice of 
the nostrils, tend to vary in the same manner. When the 
whole body increases or decreases in size, various parts become 
modified; thus with pigeons the ribs increase or decrease in 
number and breadth. Homologous parts which are identical 
during their early development and are exposed to similar condi- 
tions, tend to vary in the same or in some connected manner, — 
as in the case of the right and left sides of the body, of the front 
and hind limbs, and even of the head and limbs. So it is with 
the organs of sight and hearing ; for instance white cats 
with blue eyes are almost always deaf. There is a manifest 
relation throughout the body between the skin and its various 
appendages of hair, feathers, hoofs, horns, and teeth. In 
Paraguay, horses with curly hair have hoofs like those of a 
mule ; the wool and the horns of sheep vary together ; hairless 
dogs are deficient in their teeth; men with redundant hair 
have abnormal teeth, either deficient or in excess. Birds with 
long wing-feathers usually have long tail-feathers. When long 
feathers grow from the outside of the legs and toes of pigeons, 
the two outer toes are connected by membrane ; for the whole 
leg tends to assume the structure of the wing. There is a 
manifest relation between a crest of feathers on the head and 
a marvellous amount of change in the skull of various fowls; 
and in a lesser degree, between the greatly elongated, lopping 
ears of rabbits and the structure of their skulls. With plants, 
the leaves, various parts of the flower, and the fruit, often vary 
together in a correlated manner. 

In some cases we find correlation without being able even 
to conjecture what is the nature of the connection, as with 
various correlated monstrosities and diseases. This is likewise the 
case with the colour of the adult pigeon, in connection with 
the presence of down on the young bird. Numerous curious 
instances have been given of peculiarities of constitution, in 
correlation tvith colour, as shown by the immimity of individuals 
of some one colour from certain diseases, from the attacks of 
parasites, and from the action of certain vegetable poisons. 

Correlation is an important subject; for with species, and 
in a lesser degree with domestic races, we continually find that 
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certain parte have been greatly modified to serve some useful 
purpose ; but we almost invariably find that other parts have 
likewise been more or less modified, without our being able to 
discover any advantage in the change. No doubt great caution 
is necessary in coming to this conclusion, for it is difficult to 
overrate our ignorance on the use of various parte of the organi- 
sation ; but from what we have now seen, we may believe that 
many modifications are of no direct service, having arisen in 
correlation with^ other and useful changes. 

Homologous parts during their early development evince an 
affinity for each other,— that is, they tend to cohere and fuse 
together much more readily than other parts. This tendency to 
fusion explains a multitude of normal structures. Multiple and 
homologous organs are especiaUy liable to vary in number 
and probably in form. As the supply of organised matter is not 
unlimited, the principle of compensation sometimes comes into 
action ; so that, when one part is greatly developed, adjoining 
parte or functions are apt to be reduced; but this principle is 
proUbly of much less importance than the more general one 
of the economy of growth. Through mere mechanical pressure 
hard parte oc^sionally affect soft adjoining parts. With plants 
the p^ition of the fiowers on the axis, and of the seeds in the 
capsffie, sometimes leads, through a freer flow of sap, to changes 
^ stacture; but these changes are often due to reversion. 
Modifications, m whatever manner caused, will be to a certain 
S te ««-f“ating power or 

ffittvld h “ 'TT‘ reproduction 

ffisplayed by many lowly organised beings in their power of 
fissiparous generation and budding. Fkalt the eff! T T*i 
laws, which directly or indirectly govrn\rl,.f " 

largety influenced by man's selection, and will so far’bTZter'" 
mmed by natural selection that chanires advnni “®rer 

race will be favoured and disadvantf^^tTelTl? 

Domestic races descended from the same LI . % 

two or more allied species, are liable to 1 ^ 
derived from their common progenitor and 
in common in their constitutll? 
changed conditions to vary in th« 

vary m the same manner; from these 

2 A 2 
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two causes analogous varieties often arise. When we reflect 
on the several foregoing laws, imperfectly as we understand 
them, and when we bear in mind how much remains to be 
discovered, we need not be surprised at the extremely intricate 
manner in which our domestic productions have varied, and 
still go on varying. 
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CHAPTER XXVII. 

PROVI8IOSAL HYPOTHESIS OP PANOENESIS. 




THE FTKCnONAL ISDEPKNDKNCB OP THE ELEMENTS OB UNITS OP THE BODY — 
VARUBILITY— INHERITANCE — REVERSION. 

SECOND PART : — STATEMENT OP THE HYPOTHESIS —HOW PAR THE NECESSARY ASSOSP- 
TIONS ARE IMPROBABLE — EXPLANATION BY AH) OP THE HYPOTHESIS OP THE 
SEVERAL CLASSES OF PACTS SPECIFIED IN THE FIRST PART— CONCLUSION. 

In the previous chapters large classes of facts, such as those bear- 
ing on bud- variation, the various forms of inheritance, the causes 
and laws of variation, have been discussed ; and it is obvious that 
these subjects, as well as the several modes of reproduction, 
stand in some sort of relation to each other. I have been led, 
or rather forced, to form a view which to a certain extent 
connects these facts by a tangible method. Every one would 
wish to explain to himself, even in an imperfect manner, how it 
is possible for a character possessed by some remote ancestor 
suddenly to reappear in the offspring; how the effects of 
increased or decreased use of a limb can be transmitted to the 
cliild; how the male sexual element can act not solely on 
the ovule, but occasionally on the mother-form ; how a limb can 
be reproduced on the exact line of amputation, with neither too 
much nor too little added; how it comes that organic bein<rs 
identical in eveiy respect are habitually produced by such 
widely different processes, as budding and true seminal genera- 
tion. I am aware that my view is merely a provisional hypo- 
thesis or speculation; hut until a better one be advanced it 
may he serviceable by bringing together a multitude of facts 
which are at present left disconnected by any efficient cause. 
As Whewell, the historian of the inductive sciences remarks •— 
“Hypotheses may often be of service to scienc^ when they 
“mvolve a certam portion of incompleteness, and even of error.” 
Under this point of view I venture to advance the hypothesis of 
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Pangenesis, which implies that the whole organisation, in the 
sense of eVery separate atom or unit, reproduces itself. Hence 
ovules and pollen-grains, — the fertilised seed or egg, as well as 
buds, — include and consist of a multitude of germs thrown off 
from each separate atom of the organism. 

In the First Part I will enumerate as briefly as I can the 
groups of facts which seem to demand connection ; but certain 
subjects, not hitherto discussed, must be treated at dispropor- 
tionate length. In the Second Part the hypothesis will be given; 
and we shall see, -after considering how far the necessary 
assumptions are in themselves improbable, whether it serves to 
bring under a single point of view the various facts. 



Past I. 



Reproduction may be divided into two main classes, namely, 

sexual and asexual. The latter is effected in many ways by 

gemmation, that is by the formation of buds of various kinds, 
and by fissiparous generation, that is by spontaneous or artificial 
division. It is notorious that some of the lower animals, when 
cut into many pieces, reproduce so many perfect individuals: 
Lyonnet cut a Nais or fi-eshwater worm into nearly forty pieces, 
and these all reproduced perfect animals.' It is probable that 
segmentation could be carried much further in some of the 
protozoa, and with some of the lowest plants each cell will 
reproduce the parent-form. Johannes Muller thought that 
there was an important distinction between gemmation and 
fission; for in the latter case the divided portion, however 
small, is more perfectly organised; but most physiologists are 
now convinced that the two processes are essentially alike." 
Prof. Huxley remarks, “fission is Uttle more than a peculiar 
“mode of budding,” and Prof. H. J. Gark, who has especiaUy 



' Quoted by Paget, ‘Lechirca on 
Pathology,’ 1853, p. 159. 

" Dr. Lachmann, alao, obaorvea 
(‘Annala and Mag. of Nat. History,’ 
2nd aeries, voL xijc., 1857, p. 231) 
with respect to infusoria, that “flsaa- 
“ tion and gemmation pass into each 
“other almost imperceptibly." Again, 
Mr. W. C. Minor (* Annala and Mag. of 
Nat. Hist,’ 3rd scries, voL li. p. 328) 



tion that has boon made between fission 
and budding ia not a fundamental one. 
&s Bonnet, ‘ (Euvres d’Hist Nat.,’ tom. 
V, 1781, p. 339, for remarks on the 
budding-out of the amputated limha 
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attended to this subject, shows in detail that there is sometimes 
“a compromise between self-division and budding.’ When a 
limb is amputated, or when the whole body is bisected, the cut 
extremities are said to bud forth ; and as the papilla, which is 
first formed, consists of undeveloped cellular tissue like that 
forming an ordinary bud, tlie expression is apparently correct 
We see the connection of the two processes in another way ; for 
Trembley observed that with the hydra the reproduction of the 
head after amputation was checked as soon as the animal began 
to bud.* 

Between the production, by fissiparous generation, of two or 
more complete individuals, and the repair of even a very slight 
injury, we have, as remarked in a former chapter, so perfect 
and insensible a gradation, that it is impossible to doubt that 
they are connected processes. Between the power which re- 
pairs a trifling injury in any part, and the power which pre- 
viously “was occupied in its maintenance by the continued 
“ mutation of its particles,” there cannot bo any great difference ; 
and we may follow Mr. Paget in believing them to be the self- 
same power. As at each stage of growth an amputated part 
is replaced by one in the same state of development, we 
must likewise follow Mr. Paget in admitting “ that the powers 
“of development from the embryo are identical with those 
“exercised for the restoration from injuries; in other words, 
“that the powers are the same by which perfection is first 
“ achieved, and by which, when lost, it is recovered.” ‘ Finally, 
we may conclude that the several forms of gemmation, and of 
fissiparous generation, the repair of injuries, the 
of each part in its proper state, and the growth or progressive 
development of the whole structure of the embryo, are all 
essentially the results of one and the same great power. 

&exual Generation . — The union of the two sexual elements 
seems to make a broad distinction between sexual and asexual 
reproduction. But the well-ascertained cases of Parthenogenesis 
prove that the distinction is not really so great as it at first 
appears; for ovules occasionally, and even in some cases fre- 
quently, become developed into perfect beings, without the con- 

> ‘ LectoM on Pathology,- 1853, p. 158. - Hem, pp. 152, 101. 
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course of the male element. J. Muller and others admit that 
ovules and buds have the same essential nature; and in the 
case of Daphnia Sir J. Lubbock first showed that ova and 
pseudova are identical in structure. Certain bodies, which 
during their early development cannot be distinguished by any 
external character from true ovules, nevertheless must be classed 
as buds, for though formed within the ovarium they are incap- 
able of fertilisation. This is the case with the germ-balls of 
the Cecidomyide larvm, as described by Leuckart.“ Ovules 
and the male element, before they become united, have, like 
buds, an independent existence.' Both have the power of trans- 
mitting every single character possessed by the parent-form. 
We see this clearly when hybrids are paired inter se, for the 
characters of either grandparent often reappear, either perfectly 
or by segments, in the progeny. It is an error to suppose 
that the male transmits certain charactei-s and the female 
other characters; though no doubt, from unknown causes, one 
SM sometimes has a stronger power of transmission than the 

It has been maintained by some authore that a bud difiers 
essentially from a fertilised germ, by always reproducing the 
prfect character of the parent-stock; whilst fertilised germs 
become developed into beings which difier, in a greater or less 
degree, from each other and from their parents. But there is 
no such broad distinction as this. In the eleventh chapter 
numerous cases were given showing that buds occasionaUy 
grow into plants having new and strongly marked charactere • 
and varieties thus produced can be propagated for a length 
of W by buds, and occasionally by seed. Nevertheless, it 
must be admitted that beings produced sexually are much more 
liable to vary than those produced asexually ; and of this fact a 
partiM explanation will hereafter be attempted. The variability 
in both cases m determined by the same general causes, and L 
pverned by tbe same laws. Hence new varieties arising from 
S 'Tf.1 those arising from seed. 

Although bud-varieties usually retain their diameter during 
‘ On the Asexual Eeproductiou of « „ . 

1806, pp, 167.171. . 3rd senes, 1850, p. 
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successive bud-generations, yet they oc^casionally revert, even 
after a long series of bud-generations, to their former character. 
This tendency to reversion in buds is one of the most remarkable 
of the several points of agreement between the offspring from 
bud and seminal reproduction. 

There is, however, one difference between beings produced 
sexually and asexually, which is very general. The former 
usually pass in the course of their development from a lower to 
a higher grade, as we see in the metamorphoses of insects and 
in the concealed metamorphoses of the vertebrata ; but this 
pkssage from a lower to a higher grade cannot be considered as 
a necessary accompaniment of sexual reproduction, for hardly 
anything of the kind occurs in the development of Aphis 
amongst insects, or with certain crustaceans, cephalopoda, or 
with any of the higher vascular plants. Animals propagated 
asexually by buds or fission are on the other hand never known 
to undergo a retrogressive metamorphosis ; that is, they do not 
first sink to a lower before passing on to their higher and final 
stage of development But during the act of asexual produc- 
tion or subsequently to it, they often advance in organisation, 
as we see in the many cases of “alternate generation.” In thus 
si>eaking of alternate generation, I follow those naturalists who 
look at the process as essentially one of internal budding or of 
fissiparous generation. Some of the lower plants, however, such 
as mosses and certain algce, according to Dr. L. Kadlkofer,’ when 
propagated asexually, do undergo a retrogressive metamorphosis. 
We can to a certain extent understand, as far as the final cause 
is concerned, why beings propagated by buds should so rarely 
retrogress during development; for with each organism the 
structure acquired at each stage of development must be adapted 
to its peculiar habits. Now, with beings produced by gemmation, 
—and this, differently from sexual reproduction, may occur at 
any period of growth, — if there were places for the support of 
many individuals at some one stage of development, the simplest 
plan would be that they should be multiplied by gemmation at 
that stage, and not that they should first retrograde in their 
development to an earlier or simpler structure, which might 
not be fitted for the surrounding conditions. 

» ' Annals and JIag. of Nat. Hist.’ 2nd series, vol. n, 1857, pp. 153-455. 
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Prom the several foregoing considerations we may conclude 
that the difference between sexual and asexual generation is 
not nearly so great as it at first appears ; and wo have already 
seen that there is the closest agreement between gemmation, 
fissiparous generation, the repair of injuries, and ordinary growth 
or development. The capacity of fertilisation by the male 
element seems to he the chief distinction between an ovule and 
a bud ; and this capacity is not invariably brought into action, 
as in the cases of parthenogenetic reproduction. We are here 
naturally led to inquire what the final cause can be of the 
necessity in ordinary generation for the concourse of the t\fn 
Sexual elements. 

Seeds and ova are often [highly serviceable as the means of 
disseminating plants and animals, and of preserving them during 
one or more seasons in a dormant state; but unimpregnated 
seeds or ova, and detached buds, would be equally serviceable 
for both purposes. Wo can, however, indicate two important 
advantages gained by the concourse of the two sexes, or rather 
of two individuals belonging to opposite sexes; for, as I have 
shown in a former chapter, the structure of every organism 
appears to be especially adapted for the concurrence, at least 
occasionally, of two individuals. In nearly the same manner 
os it is admitted by naturalists that hybridism, from inrl ncing 
sterility, is of service in keeping the forms of life distinct and 
fitted for their proper places; so, when species are rendered 
highly variable by changed conditions of life, the free inter- 
crossing of the varying individuals will tend to keep each form 
fitted for its proper place in nature ; and crossing can be effected 
only by sexual generation, but whether the end thus gained 
18 of sufficient importance to account for the first origin of 
sexual intercourse is very doubtful. Secondly, I have shown, 
from the consideration of a large body of facts, that, as a slight 
change in the conditions of life is beneficial to each creature, 
TO, m an analogous manner, is the change effected in the germ 
by sexual union with a distinct individual; and I have been led, 
from observing the many widely-extended provisions throughout 
nature for this purpose, and from the greater vigour of crossed 
organisms of all kinds, as proved by direct experiments, as 
well as from the evU effects of close interbreeding when long 
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continued, to believe that the advantage thus gained is very 
great. Besides these two important ends, there may, of course, 
be others, as yet unknown to us, gained by the concourse of the 

Why the germ, which before impregnation undergoes a certain 
amount of development, ceases to progress and perishes, unless 
it be acted on by the male element; and why conversely the 
male element, which is enabled to keep alive for even four 
or five years within the spermatheca of a female insect, like- 
wise perishes, unless it acts on or unites with the germ, are 
questions which cannot be answered with any certainty. It 
is, however, possible, that both sexual elements perish, unless 
brought into union, simply from including too little formative 
matter for independent existence and development; for cer- 
tainly they do not in ordinary cases differ in their power of 
giving character to the embryo. This view of the importance 
of the quantity of formative matter seems probable from the 
following considerations. There is no reason to suspect that 
the spermatozoa or pollen-grains of the same individual animal 
or plant differ from each other ; yet Quatrefages has shown in 
the case of the Teredo,® as did formerly Brevost and Dumas 
with other animals, that more than one spermatozoon is requisite 
to fertilise an ovule. This has likewise been clearly proved by 
Newport,’ who adds the important fact, established by numerous 
experiments, that, when a very small number of spermatozoa 
are applied to the ova of Batrachians, they are only partially 
impregnated and the embryo is never fully developed: the 
first step, however, towards development, namely, the partial 
segmentation of the yelk, does occur to a greater or less extent, 
but is never completed up to granulation. The rate of the seg- 
mentation is likewise determined by the number of the sperma- 
tozoa. With respect to plants, nearly the same results were 
obtained by Kolreuter and Gartner. This last careful observer 
found," after making successive trials on a Malva with more 
and more pollen-grains, that even thirty grains did not fei^ 
tilise a single seed ; but when forty grains were applied to the 

" ‘ Annales dcs Sc. Nal.,’ 3rd tcricc, 1850, tom. xiii. 

• • Transact PbU. Soc.,’ 1851, pp. 190, 208, 210 ; 1853, p, 245, 247, 

“ ‘Bcitrage zor Kenntniaa,' See., 1844, s, 345. 
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Stigma, a few seeds of smaU size were formed. The poUen- 
grains of Mirabilis are extraordinarily large, and the ovarium 
contains only a single ovule; and these circumstances led 
Naudin'" to make the following interesting experiments: a 
flower was fertilised by three grains and succeeded perfectly; 
twelve flowers were fertflised by two grain's, and seventeen 
flowers by a single grain, and of these one flower alone in 
each lot perfected its seed : and it deserves especial notice that 
the plants produced by these two seeds never attained their 
proper dimensions, and bore flowers of remarkably small size. 
From these facts we clearly see that the quantity of the pecu- 
liar formative matter which is contained within the spermatozoa 
and pollen-groins is an all-important element in the act of 
fertilisation, not only in the full development of the seed, but 
in the vigour of the plant produced from such seed. ' We 
see something of the same kind in certain cases of parthe- 
nogenesis, that is, when the male element is wholly excluded • 
for M. Jourdan’* found that, out of about 58,000 eggs laid by 
unimpregnated silk-moths, many passed tlirough “their early 
embryonic stages, showing that they were capable of self- 
development, but only twenty-nine out of the whole number 
produced caterpillars. Therefore it is not an improbable view 
that deficient bulk or quantity in the formative matter, contained 
wthm the sexual elements, is the main cause of their not having 
the capacity of prolonged separate existence and development 
The behef that it is the function of the spermatozoa to commu- 
nicate life to the ovule seems a strange one, seeing that the 
unimpregnated ovule is already alive and continues for a con- 
siderable time alive. We shall hereafter see that it is probable 
that the sexual elements, or possibly only the female element, 
include certain primordial cells, that is, such as have undergone 

fo buS 

When discussing in the eleventh chapter the 
curious case of the Cytum adami, it was shown that, after the tissues 

" ‘KoutoUos Archives du Muscom,' is As qu 
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of two plants belonging to distinct species or varieties have become 
intimately united, buds are occasionally produced which, like 
hybrids, combine the characters of the two united forms. It is 
also certain that when trees with variegated leaves are grafted or 
budded on a common stock, the latter sometimes produces buds 
bearing variegated leaves ; but this may perhaps be looked at as 
a case of inoculated disease. The jmssibility of the production 
of hybridised buds by the union of two distinct vegetative tissues 
is an important fact, as it shows us that sexual and asexual 
reproduction are essentially the same ; for the power of combin- 
ing in the offspring the characters of both parents is the most 
striking of all the functions of sexual generation. 

Direct Action of the Male Element cm, the Female . — In the 
chapter just referred to, I have given abundant proofs that 
foreign pollen occasionally affects the mother-plant in a direct 
manner. Thus, when Gallesio fertilised an orange-flower with 
pollen from the lemon, the fruit bore stripes of perfectly charac- 
terised lemon-peel : with peas, several observers have seen the 
colour of the seed-coats and oven of the pod directly affected by 
the pollen of a distinct variety ; so it has been with the fruit of 
the apple, which consists of the modified calyx and upper part 
of the flower-stalk. These parts in ordinary eases are wholly 
formed by the mother-plant. Wo here see the malo element 
affecting and hybridising not that part which it is properly 
adapted to affect, namely the ovule, but the partially-developed 
tissues of a distinct individual We are thus brought half-way 
towards a graft-hybrid, in which the cellular tissue of one form 
instead of its pollen, is believed to hybridise the tissues of a 
distinct form. I formerly assigned reasons for rejecting the 
belief that the mother-plant is affected through the intervention 
of the hybridised embryo ; but even if this view were admitted, 
the case would become one of grafbhybridism, for the fertilised 
embryo ^d the mother-plant must be looked at as distinct 
individuals. 

With animals which do not breed until nearly mature, and 
of which all the parte are then fully developed, it is liardlv 
^ssible that the male element should directly affect the 
female. But we have the analogous and perfectly well-ascer- 
tamed case of the male element of a distinct form, as with the 
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quagga and Lord Morton’s mare, affecting the ovarium of the 
female, so that the ovules and offspring subsequently produced 
by her when impregnated by other males are plainly affected 
and hybridised by the first male. 

Development .— fertilised germ reaches maturity by a vast 
number of changes : these are either slight and slowly effected, 
as when the child grows into the man, or are great and sudden, 
as with the metamorphoses of most insects. Between these ex- 
tremes we have, even within the same class, every gradation : 
thus, as Sir. J. Lubbock has shown,” there is an Ephemerous 
insect which moults above twenty times, undergoing each time 
a slight but decided change of structure ; and these changes, 
as he further remarks, probably reveal to us the normal stages 
of development which are concealed and hurried through, 
or suppressed, in most other insects. In ordinary metamor- 
phoses, the parts and organs appear to become changed into the 
corresponding parts in the next stage of development; but 
there is another form of development, which has been called by 
Professor Owen metagenesis. In this case “the new parts are 
" not moulded upon the inner surface of the old ones. The 
“ plastic force has changed its course of operation. The outer 
“ case, and all that gave form and character to the precedent 
" individual, perish and are cast off; they are not changed into 
“ the corresponding parts of the new individual. These are due 
“ to a new and distinct developmental process,” &c.” Metamor- 
phosis, however, graduates so insensibly into metagenesis, that 
the two processes cannot be distinetiy separated. For instance, 
m the last change which Cirripedes undergo, the alimentan^ 
canal and some other organs are moulded on pre-existing parts • 
but the eyes of the old and the young animal are developed in 
entirely different parts of the body; the tips of the mature 
limbs are formed within the larval limbs, and may be said 
to be metamorphosed from them ; but their basal portions 
and the whole thorax are developed in a plane actually at 
right angles to the limbs and thorax of the larva; and this 
18m‘ ”'• ™ ‘o ‘h® 6^ 

^ ▼elopmentofstarwfishefl.andehowshow 

T> f rT 1849, pp 25- ciuiou8lymetamorpho«8 graduates into 
“ “™® ®*®®6®"‘ gemmation or aoid-formation, which is 
remarks (■ Medical Times,' 1856, p. 637) in fact the same as motagenesiB. 
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may be called metagenesis. The metagenetic process is carried 
to an extreme degree in the development of some Echinoderms, 
for the animal in the second stage of development is formed 
almost like a bud within the animal of the first stage, the 
latter being then cast off bke an old vestment, yet sometimes 
still maintaining for a short period an independent vitality.'* 

If, instead of a single individual, several were to be thus 
developed metagenetically within a pre-existing form, the pro- 
cess would bo called one of alternate generation. The young 
thus developed may either closely resemble the encasing parent- 
form, as with the larvas of Ceoidomyia, or may differ to an 
astonishing degree, as with many parasitic worms and with 
jelly-fishes ; but this does not make any essential difference in 
the process, any more than the greatness or abruptness of the 
change in the metamorphoses of insects. 

The whole question of development is of great importance 
for our present subject. When an organ, the eye for instance, 
is metagenetically formed in a part of the body where during 
the previous stage of development no eye existed, we must look 
at it as a now and independent gro>vth. The absolute independ- 
ence of new and old structures, which correspond in structure 
and function, is stiU more obvious when several individuals are 
formed within a previous encasing form, as in the eases of 
alternate generation. The same important principle probably 
comes largely into ploy even in the case of continuous growth, 
as we shall see when we consider the inheritance of modifica- 
tions at corresponding ages. 

^\e are led to the same conclusion, namely, the independ- 
ence of parts successively developed, by another and quite 
distinct group of facts. It is well known that many 
^■longmg to the same class, and therefore not differing widely 
from each other pass through an extremely different course of 
development, ^us certain beetles, not in any way remarkably 
Merent from others of the same order, undergo vvhat has been 
cal ed a hyper-metamorpbosis-that is, they pass through an 

lll tL sl? o^di^ary grub-like larva. 

In the same sub-order of crabs, namely, the Macroura, as Fritz 

“ Prof. J. Eeay Greeno, ia Giinther’. -Bocord of Zoolog. Lit.,’ 1805, p. 625. 
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cruller remarks, the river cray-flsh is hatched under the same 
form which it ever afterwards retains; the young lobster has 
divided legs, like a Mysis; the Palsemon appears under the 
form of a Zoea, and Peneus under the Nauplius-form ; and 
how wonderfully these larval forms differ from each other, is 
known to every naturalist.'® Some other crustaceans, as the 
same author o^erves, start from the same point and arrive at 
nearly the same end, hut in the middle of their development are 
widely different from each other. Still more striking cases 
could be given with respect to the Echinodermata. With the 
Medusae or jelly-fishes Professor Allman observes, “ the classi- 
“ fleation of the Hydroida would be a comparatively simple 
“ task if, as has been erroneously asserted, generically-identical 
“ medusoids always arose from generically-identical polypoids ; 
“ and on the other hand, that generically-identical polypoids 
“ always gave origin to generically-identical medusoids.” So, 
again. Dr. Strethill Wright remarks, “ in the life-history of tho 
“ Hydroidm any phase, planuloid, polypoid, or medusoid, may 
“ be absent.” 

According to the belief now generally accepted by our best 
naturalists, all the members of the same order or class, the 
Macrourous crustaceans for instance, are descended from a 
common progenitor. During their descent they have diverged 
much in structure, hut have retained much in common ; and 
this divergence and retention of character has been effected, 
though they have passed and still pass through marvellously 
different metamorphoses. This fact well illustrates how inde- 
pendent each structure must be from that which precedes and 
follows it in the course of development. 

The Functional Independence of the EUmente or Units of the 
Body.— Physiologists agree that the whole organism consists of 
a multitude of elemental parts, which are to a great extent 
independent of each other. Each organ, says Claude Bernard,” 



'• Fritz MiUler's • Fur Darwin,' 1864, 
s. 65, 71. The highest authority on crus- 
taceans, Prof. Milno Edwards, insists 
<‘ Annul des Set Nat.,’ 2nd scries, 
Zoolog., tom. iii. p. 322) on their meta- 
morphoses differing even in closely 



Prof. Allman, in ‘ Annals and Mag. 
otNat Hist.,' 3r<l 8<!rioa,vol. liu^ISM, 
p. 348; Dr. S. Wright, idem, vol. viii., 
1861, p. 127. See also p. 358 for 
analogous statements by Sara. 

•» ‘ Tissus Vivants,' 1866, p. 22. 
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has its projier life, its autonomy ; it can develop and reproduce 
itself independently of the adjoining tissues. The great German 
authority, Virchow," assorts still more emphatically that each 
system, as the nervous or osseous system, or the blood, consists 

of an “enormous mass of minute centres of action Every 

“ element has its own special action, and even though it derive 
“ its stimulus to activity from other parts, yet alone effects the 
“actual performance of its duties. .... Every single epithelial 
“and muscular fibre-cell leads a sort of para.sitical existence 

“ in relation to the rest of the body Every single bone- 

“ corpuscle really possesses conditions of nutrition peculiar to 
“itself.” Each element, as Mr. Paget remarks, lives its ap- 
pointed time, and then dies, and, after being cast off or absorbed, 
is replaced." I presume that no physiologist doubts that, for 
instance, each bone-corpuscle of the finger differs from the 
corresponding corpuscle in the corresponding joint of the toe; 
and there can hardly be a doubt that even those on the corre- 
sponding sides of the body differ, though almost identical in 
nature. This near approach to identity is curiously shown in 
many diseases in which the same exact points on the right and 
left sides of the body are similarly affected; thus Mr. Paget 
gives a drawing of a diseased pelvis, in which the bone has 
grown into a most compheatod pattern, but “there is not one 
“ spot or line on one side which is not represented, as exactly as 
“ it would be in a mirror, on the other.” 

Many facts support this view of the independent life of each 
minute element of the body. Virchow insists that a single bone- 
corpuscle or a single cell in the skin may become diseased. The 
spur of a cock, after being inserted into the eye of an ox, lived 
for eight years, and acquired a weight of 306 grammes, or 
nearly fourteen ounces.® The tail of a pig has been grafted 
into the middle of its back, and reacquired sensibility. Pr. 
Ollier" inserted a piece of periosteum from the bone of a 
young dog under the skin of a rabbit, and true bone was 
developed. A multitude of similar facts could be given. The 

'* ‘CellulM Patliology,’ tnuwlnt. by « Montegazza, quoted in ‘Poptilar 
Dr raaoce 1800, pp. U, 18, 83, 460. Scicnoo Heview,’ July 1865, p. 522. 
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frequent presence of hairs and of perfectly developed teeth, even 
teeth of the second dentition, in ovarian tumours, are facts 
leading to the same conclusion. 

Whether each of the innumerable autonomous elements of 
the body is a cell or the modified product of a cell, is a more 
doubtful question, even if so wide a definition bo given to the 
term, as to include cell-like bodies without walls and without 
nuclei.* Professor Lionel Beale uses the term “germinal 
“ matter ” for the contents of cells, taken in this wide accepta- 
tion, and he draws a broad distinction between germinal matter 
and “ formed material ” or the various products of cells.* But 
the doctrine of omnia cellula e celluld is admitted for plants, and 
is a widely prevalent belief with respect to animals." Thus 
Virchow, the great supporter of the cellular theory, whilst 
aBowing that difficulties exist, maintains that every atom of 
tissue is derived from cells, and these from pre-existing cells, 
and these primarily from the egg, which he regards as a great 
cell. That cells, still retaining the same nature, increase by 
self-division or proliferation, is admitted by almost every one. 
But when an organism undergoes a great change of structure 
during development, the cells, which at each stage are supposed 
to be directly derived from previously existing cells, must likewise 
be greatly changed in nature; this change is apparently attri- 
buted by the supporters of the cellular doctrine to some inherent 
power which the cells iwssess, and not to any external agency. 

Another school maintains that cells and tissues of all kinds 
may be formed, independently of pre-existing cells, from plastic 
lymph or blastema; and this it is thought is well exhibited in 
the repair of wounds. As I have not especially attended to 
histology. It would l)e presumptuous in me to express an opi- 
nion on the two opposed doctrines. But every one appears to 
admit that tlie body consists of a multitude of “ organic units,”* 



Isidore GeoflVe^ St. Hilaire, ‘ Hist, 
dee Anomalies,' tom. il pp. 549, 5G0, 

“ For the most rocont classification 
of cells, see Ernst H^Jccl's ‘ Ocnerello 
Morpholog.,’ Band ii, 1866, b. 275. 

** ‘The Structure and Growth of 
TisBueB,’ 1865, p. 21, &c. 

^ l>r. W. Turner, ‘ The present 



Aspect of Cellular Pathology,’ ‘ Edin- 
burgh Medical Journal,’ April, 1863. 

^ This term is used by Dr. E. Mont- 
gomery (‘ On the Formation of so-called 
Cells in Animal Bodies,’ 1867, p. 42), 
who denies that cells are derived from 
other ceUs by a process of growth, but 
believes that they originate through 
t»rtain chemical changes. 
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each of which possesses its oto proper attributes, and is to a 
certain extent independent of all others. Hence it will be con- 
venient to use indifferently the terms cells or organic units or 
simply units. 

Variability and Inheritance.— Vie have seen in the twenty- 
second chapter that variability is not a principle co-ordinate 
with life or reproduction, but results from special causes, 
generally from changed conditions acting during successive 
generations. Part of the fluctuating variability thus induced 
is apparently due to the sexual system being easily affected 
by changed conditions, so that it is often rendered impotent; 
and when not so seriously affected, it often fails in its proper 
function of transmitting truly the characters of the parents to 
the offspring. But variability is not necessarily connected with 
the sexual system, as we see from the cases of bud-variation; 
and although wo may not be able to trace the nature of the 
connexion, it is probable that many deviations of structure which 
appear in sexual offspring result from changed conditions acting 
directly on the organisation, independently of the reproductive 
organs. In some instances we may feel sure of this, when all, or 
nearly all the individuals which have been similarly exposed are 
similarly and definitely affected— as in the dwarfed and otherwise 
changed maize brought from hot countries when cultivated in 
Germany ; in the change of the fleece in sheep within the tropics ; 
to a certain extent in the increased size and early maturity of 
our highly-improved domesticated animals ; in inherited gout 
from intemperance ; and in many other such cases. Now, as 
such changed conditions do not especially affect the reproductive 
org^ it seems mysterious on any ordinary view why their 
pr^uct, the new organic being, should be similarly affected. 

How, again, can we explain to ourselves the inherited effects 
j ® disuse of particular organs ? The domesticated 

duck flies less and walks more than the wild duck, and its 
limb-bones have become in a corresponding manner diminished 
Md increased in comparison with those of the wild duck. A 
horse is tramed to certain paces, and the colt inherits similar 
consensual movements. The domesticated rabbit becomes tame 
from close confinement; the dog inteUigent from associating 
with man ; the retriever is taught to fetch and carry : and these 
2 B 2 
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mental endowments and bodily powers are all inherited. Nothing 
in the whole circuit of physiology is more wonderful. How can 
the use or disuse of a particular limb or of the brain affect 
a small aggregate of reproductive cells, seated in a distant part 
of the body, in such a manner that the being developed from 
these cells inherits the characters of either one or both 
parents? Even an imperfect answer to this question would 
be satisfactory. 

Sexual reproduction does not essentially differ, as we have 
seen, from budding or self-division, and these processes graduate 
through the repair of injuries into ordinary development and 
growth ; it might therefore be expected that every character 
would be as regularly transmitted by all the methods of re- 
production as by continued growth. In the chapters devoted 
to inheritance it was shown that a multitude of newly-acquired 
characters, whether injurious or beneficial, whether of the lowest 
or highest vital importance, are often faithfully transmitted 
— frequently even when one parent alone possesses some new 
peculiarity. It deserves especial attention that characters ap- 
pearing at any age tend to reappear at a corresponding age. 
We may on the whole conclude that in all cases inheritance 
is the rule, and non-inheritance the anomaly. In some instances 
a character is not inherited, from the conditions of life being 
directly opposed to its development; in many instanees, from 
the conditions incessantly inducing fresh variability, as with 
grafted fruit-trees and highly cultivated flowers. In the re- 
maining cases the failure may be attributed to reversion, by 
which the child resembles its gmndparents or more remote pro- 
genitors, instead of its parents. 

This principle of Eeversion is the most wonderful of all the 
attributes of Inheritance. It proves to us that the transmission 
of a character and its development, which ordinarily go together 
and thus escape discrimination, are distinct powers ; and these 
powers in some cases are even antagonistic, for each acts alter- 
nately in successive generations. Eeversion is not a rare event, 
depending on some unusual or favourable combinat ion of circum- 
stances, but occurs so regularly with crossed animals and plants, 
and so frequently with uncrossed breeds, that it is evidently an 
essential part of the principle of inheritance. We know that 
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changed conditions have the power of evoking long-lost characters, 
as in tlie case of some feral animals. The act of crossing in 
itself possesses this power in a high degree. What can be 
more wonderful than that eharaoters, which liave disappeared 
during scores, or hundreds, or even thousands of generations, 
should suddenly reappear perfectly developed, as in the case 
of pigeons and fowls when purely bred, and especially when 
crossed ; or as with the zebrine stripes or dun-coloured horses, 
and other such cases? Many monstrosities come under this 
same head, ns when rudimentary organs are redeveloped, or 
when an organ which we must believe was possessed by an 
early progenitor, but of which not even a rudiment is left, 
suddenly reappears, as with the fifth stamen in some Scro- 
phulariaceiB. We liave already seen that reversion acts in bud- 
reproduction ; and we know that it occasionally acts during the 
growth of the same individual animal, especially, but not exclu- 
sively, when of crossed parentage,— as in the rare cases described 
of individual fowls, pigeons, cattle, and rabbits, which have 
reverted as they advanced in years to the colours of one of their 
parents or ancestors. 

We are led to believe, ns formerly explained, that every 
character which occasionally reappears is present in a latent form 
in each generation, in nearly the same manner as in male and 
female animals secondary characters of the opposite sex lie 
latent, ready to be evolved when the reproductive organs are 
injured. This comparison of the secondary sexual characters 
which are latent in both sexes, with other latent characters, 
is the more appropriate from the case recorded of the Hen, 
which assumed some of the masculine characters, not of her 
own race, but of an early progenitor; she thus exhibited at 
the same time the redevelopment of latent characters of both 
kinds and connected both classes. In every living creature 
we may feel assured that a host of lost characters lie ready to 
be evolved under proper conditions. How can we make in- 
tcUigible, and connect with other facts, this wonderful and 
common capacity of reversion, — this power of calling back to 
life long-lost characters ? 
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I have now enumerated the chief facts which every one would 
desire to connect by some intelligible bond. ' This can be done, 
as it seems to me, if we make the following assumptions; if 
the first and chief one be not rejected, the others, from being 
supported by various physiological considerations, will not appear 
very improbable. It is almost universally admitted that cells, 
or the units of the body, propagate themselves by selfrdivision or 
proliferation, retaining the same nature, and ultimately becoming 
converted into the various tissues and substances of the body. 
But besides this means of increase I assume that cells, before 
their conversion into completely passive or “ formed material,” 
throw off minute granules or atoms, which circulate freely 
throughout the system, and when supplied with proper nutriment 
multiply by self-division, subsequently becoming developed into 
cells like those from which they were derived. These granules 
for the sake of distinctness may be called ceU-gemmules, or, 
as the cellular theory is not fully established, simply gem- 
mules. They are supposed to be transmitted from the parents 
to the offspring, and are generally developed in the genera- 
tion which immediately succeeds, but are often transmitted 
in a dormant state during many generations and are then 
developed. Their development is supposed to depend on their 
union with other partially developed cells or gemmules which 
precede them in the- regular course of growth. Why I use 
the term union, ivill be seen when we discuss the direct action 
of pollen on the tissues of the mother-plant. Gemmules arc 
supposed to be throivn off by every cell or unit, not only 
during the adult state, but during all the stages of develop- 
ment. Lastly, I assume that the gemmules in their dormant 
state have a mutual aflinity for each other, leading to their 
aggregation either into buds or into the sexual elements. Hence> 
speaking strictly, it is not the reproductive elements, nor the 
buds, which generate new organisms, but the cells tliemselves 
throughout the body. These assumptions constitute the pro- 
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Before proceeding to show, firstly, how far these assump- 
tions are in themselves probable, and secondly, how far they 
connect and explain the various groups of facts with which we 
are concerned, it may be useful to give an illustration of the 
hypothesis. If one of the simplest Protozoa bo formed, as 
appears under the microscope, of a small mass of homogeneous 
gelatinous matter, a minute atom thrown off from any part and 
nourished under favourable circumstances would naturally 
reproduce the whole ; but if the upper and lower surfaces were 
to differ in texture from the central portion, then all three 
parts would have to throw off atoms or gemmules, which when 
aggregated by mutual affinity would form either buds or the 
sexual elements. Precisely the same view may be extended to 
one of the higher animals ; although in this case many thousand 
gemmules must be thrown off from the various parts of the 
body. Now, when the leg, for instance, of a salamander is cut 
off, a slight crust forms over the wound, and beneath this crust 
the uninjured cells or units of bone, muscle, nerves, &c., are 
supposed to unite with the diffused gemmules of those cells 
which in the perfect leg come next in order; and these as they 
become slightly developed unite with others, and so on until a 
papilla of soft cellular tissue, the “budding leg,” is formed, and 
in time a perfect leg.” Thus, that portion of the leg which had 



wc have two groups of physiological 
units, slightly different in their strue- 
tuxoB.” ... “ It is not obvious that 
change in the form of the part, caused 



in the pliysiological units throughout 
the organism, that these, when groups 
of them are thrown off in the shn^ of 

oi^uisms that liavo Uus part himilarly 
changcil in form. Indeed, when ticat- 
ing of Adaptation, wo saw that an 
organ modified by increase or decrease 
of function can but slowly so react on 
the system at large as to bring about 
those correlative changes rcquire«l to 
pruduco o new equilibrium ; and yet 
only when such new equilibrium hos 
been established, can wo expect it to bo 
fully expressed in the modified physio* 
logical units of which tlic organism is 



“ built — only then can we count on a 
‘‘ complete transfer of the modification 
“ to descendants.” .... “ Tliat the 
“ change in the offspring must, other 
“ things equal, bo in the same direction 
“ as the change in the parent, we may 
“ dimly see Is implied by the feet, that 

the change propagated throughout tlio 

“ parental system is a change towards 

‘‘ tending to bring tho actions of all 
“organs, reproductive included. Into 
“ harmony with these new actions.” 

“ M. Philipeaux Comptes Bendus,’ 
Oct. 1, I860, p. 576, and June, 1867) 
1)08 lately shown that when the entire 
fore-limb, including the scapula, is ex- 
tiriiated, the power of regrowth is lost 
From this he concludes that it is neoes’ 
sary for regrowth that a small portion 
of the limb should be left. But as in 
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been cut off, neither more nor less, would be reproduced. If 
the tail or leg of a young animal had been cut off, a young tail 
or leg would have been reproduced, as actually occurs with the 
amputated toil of the tadpole; for gemmules of all the units 
which compose the tail are diffused throughout the body at all 
ages. But during the adult state the gemmules of the larval 
toil would remain dormant, for they would not meet with pre- 
existing cells in a proper state of development with which to 
unite. If from changed conditions or any other cause any part 
of the body should become permanently modifleti, the gem- 
mules, which are merely minute portions of the contents of the 
cells forming the pai-t, would naturally reproduce the same 
modification. But gemmules previously derived from the same 
part before it had undergone any change, would still be diffused 
throughout the organisation, and would be transmitted from 
generation to generation, so that under favourable circumstances 
tliey might be redeveloped, and then the new modification would 
be for a time or for ever lost. The aggregation of gemmules 
derived from every part of the body, through their mutual 
affinity, would form buds, and their aggregation in some special 
manner, apparently in small quantity, together probably with 
the presence of gemmules of certain primordial cells, would 
constitute the sexual elements. By means of these illustrations 
the hypothesis of pangenesis has, I hope, been rendered in- 
telligible. 



Physiologists maintain, as we have seen, that each cell, 
though to a large extent dependent on others, is likewise, to a 
certain extent, independent or autonomous. I go one small step 
further, and assume that each cell casts off a free gemmule, 
which is capable of reproducing a similar ceD. There is some 
analogy between this view and what we see in compound 
animals and in the flower-buds on the same tree ; for these are 
distinct individuals capable of true or seminal reproduction, yet 
have imrts in common and are dependent on each other; thus 



tho lower animals tlie whole body may 
bo biHCCtcd and boUi halves be repro- 
duced, this belief does not seem pro- 
bable. May not the early closing of a 



deep wound, as in tho case of the extir- 
pation of tho scapula, prevent the for- 
mation or protrusion of tho nascent 
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the tree has its bark and trank, and certain corals, as the 
Virgularia, have not only parts, but movements in common. 

The existence of free gemmules is a gratuitous assumption, 
yet can hardly be considered as very improbable, seeing that 
cells have the power of multiplication through the self-division 
of their contents. Gemmides differ from true ovules or buds 
inasmuch as they are supposed to be capable of multiplication 
in their undeveloped state. No one probably will object to 
tills capacity as improbable. The blastema within the egg has 
been known to divide and give birth to two embryos; and 
Thuret^* has seen the zoospore of an alga divide itself, and both 
halves germinate. An atom of small-pox matter, so minute as 
to be borne by the wind, must multiply itself many thousand- 
fold in a person thus inoculated.® It has recenUy been ascer- 
tained® that a minute portion of the mucous discharge from an 
animal affected with rinderpest, if placed in the blood of a 
healthy ox, increases so fast that in a short space of time “the 
“ whole mass of blood, weighing many pounds, is infected, and 
“ every small particle of that blood contains enough poison to 
“ give, within less than forty-eight hours, the disease to another 
“ animal.” 

The retention of free and undeveloped gemmules in the same 
body from early youth to old age may appear improbable, but 
we should remember how long seeds lie dormant in the earth 
and buds in the bark of a tree. Their transmission from genera- 
tion to generation may appear still more improbable ; but here 
again we should remember that many rudimentary and useless 
organs are transmitted and have been transmitted during an 
indefinite number of generations. We shall presently see how 
well the long continued transmission of undeveloped gemmules 
explains many facts. 

As each unit, or group of similar units throughout the body, 
casts off its gemmules, and as all are contained within the 
smallest egg or seed, and within each spermatozoon or pollen- 
grain, their number and minuteness must be something inoon- 
“ ‘ Aniial. d 08 Sc. Nat.,’ 3rd aeries, 9th, 186.5, pp. 273, 330. 



Toiy intereatog papera the Cattle Plague, as quoted in ‘ Card. 



Yirj iuiereauug papera vne Cattle Plague, as qui 
on thU subject by Prof. Lionel Beale, Chronicle,’ 1866, p. 446. 
in ‘ Medical Times and Gazette/ Sept. 




1850, p. ! 



Third Report of the R. Owim. 
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coivable. I sliall hereafter recur to this objection, which at 
first appears so formidable ; but it may hero be remarked that 
a cod-fish has been found to produce 6,867,840 eggs, a single 
Ascaris about 64,000,000 eggs, and a single Orchidaceous plant 
probably as many milh'on seeds.” In these several cases, the 
spermatozoa and pollen-grains must exist in considerably larger 
numbers. Now, when we have to deal with numbers such as 
these, which the human intellect cannot grasp, there is no 
good reason for rejecting our present hypothesis on account of 
the assumed existence of cell-gemmules a few thousand times 
more numerous. 

The gemmules in each organism must be thoroughly diffused ; 
nor does this seem improbable considering their minuteness, and 
the steady circulation of fluids throughout the body. So it 
must be with the gemmules of plants, for with certain kinds 
even a minute fragment of a leaf will reproduce the whole. 
But a difficulty here occurs ; it would appear that with plants, 
and probably with compound animals, such as corals, the gem- 
mules do not spread from bud to bud, but only through the 
tissues developed from each separate bud. Wo are led to this 
conclusion from the stock being rarely affected by the insertion 
of a bud or graft from a distinct variety. This non-diffusion of 
the gemmules is still more plainly shown in the case of ferns; 
for Mr. Bridgman” has proved that, when spores (which it 
should be remembered are of the nature of buds) are taken from 
a monstrous part of a frond, and others from an ordinary part. 



p. 62. In 



»• Land and Water,' 
A inatance 
4.872.000. 



__ . — id Uie number ( 
Hnrmer(‘PhU.Tmnaac... 
found only 3,081,760 eggs. Eor tho 
Ascaris, see Carpenter’s ‘Comp. Phys.,’ 
1854, p. 590. Mr. J. Scott, of tho 
Boyal Botanic Garden of Edinburgh 
Mtonluf/w) in ihe, manner *as 
le BritUh orchids 



oalcaUted, in t 
I have done 
(‘FeHilisatio! 



»u uiiu louna tuo number 

to bo 371,250. Now this plant produces 



gonus, Gongora, Mr. Scott has seen 
twenty capsules produced on a single 

Acropera would yield above seventy- 
four millions of scod. I may odd that 
»itz Muller informs mo that he found 
in a capsulo of a Maxillaria, in South 
Brazil, that tlio seed weighed 42^ 
grains : ho then arrangod half a grain 
of seed in a narrow line, and by count- 
ing a measured Icngtli found tho number 
in the half-grain to be 20.6C7, so that 
in tlie capsulo there must have been 
1,756,440 secils 1 The same plant some- 
times produces half-a-dozen capsules. 

“ ‘ Annals and Mag. of Nat. Hist.,’ 
3rd series, vol. viii,, 1861, p. 490. 
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each reproduces the form of the part whence derived. But 
this non-diffusion of the gemmules from bud to bud may be 
only apparent, depending, as we shall hereafter see, on the 
nature of the first-formed cells in the buds. 

The assumed elective affinity of each 'gemmulo for that par- 
ticular cell which precedes it in the order of development is 
supported by many analogies. In all ordinary cases of sexual 
reproduction the male and female elements have a mutual 
affinity for each other : thus, it is believed that about teu 
thousand species of Compositai exist, and there can be no doubt 
that if the pollen of all these species could be, simultaneously 
or successively, placed on the stigma of any one species, this one 
would elect with unerring certainty its own pollen. This elective 
capacity is all the more wonderful, as it must have been ac- 
quired since the many species of this great group of plants 
branched off from a common progenitor. On any view of the 
nature of sexual reproduction, the protoplasm contained within 
the ovules and within the sperm-cells (or the “spermatic force” 
of the latter, if so vague a term bo preferred) must act on each 
other by some law of sjrecial affinity, either during or subse- 
quently to impregnation, so that corresponding parts alone 
affect each other ; thus, a calf produced from a short-horned 
cow by a long-homed bull has its horns and not its horny hoofs 
affected by the union of the two forms, and the offspring from 
two birds with differently coloured tails have their tails and not 
their whole plumage affected. 

The various tissues of the body plainly show, as many phy- 
siologists have insisted,* an affinity for special organic sub- 
stances, whether natural or foreign to the body. We see this 
in the cells of the kidneys attracting urea from the blood ; in 
the worrara poison affecting the nerves ; upas and digitalis the 
muscles ; the Lytta vesieatoria the kidneys ; and in the poisonous 
matter of many diseases, as small-pox, scarlet-fever, hooping- 
cough, glanders, cancer, and hydrophobia, affecting certain 
definite parts of the body or certain tissues or glands. 

The affinity of various parts of the bo<ly for each other during 

* Paget, ‘Lectures on Pathology,' 2M; Claude Bcniaid, ‘Dcs Tissus 
p. 27; Virchow, ‘CcUular Pathology,' Vivants,’ pii. 177, 210, 337: MDIIer'a 
tmuslat, by Dr. Clumce, pp. 123, 126, ‘ Physiology,' Eng. translat, p. 290. 
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their early development was shown in the last chapter, 
when discussing the tendency to fusion in homologous parts. 
This affinity displays itself in the normal fusion of organs 
which, are separate at an early embryonic age, and still more 
plainly in those marvellous cases of double monsters in which 
each bone, muscle, vessel, and nerve in the one embryo, blends 
with the corresponding part in the other. The affinity between 
homologous organs may come into action with single parts, 
or with the entire individual, as in the case of flowers or fi-uits 
which are symmetrically blended together with all their parts 
doubled, but without any other trace of fusion. 

It has also been assumed that the development of each gem- 
mule depends on its union with another cell or unit which has 
just commenced its development, and which, from preceding it in 
order of growth, is of a somewhat different nature. Nor is it a 
very improbable assumption that the development of a gemmule 
is determined by its union with a cell slightly different in nature, 
for abundant evidence was given in the seventeenth chapter, 
showing that a slight degree of differentiation in the male and 
female sexual elements favours in a marked manner their union 
and subsequent development. But what determines the develop- 
ment of the gemmules of the first-formed or primordial cell 
in the unimpregnated ovule, is beyond conjecture. 

It must also be admitted that analogy fails to guide us 
towards any determination on several other points: for instance, 
whether colls, derived from the same parent cell, may, in the" 
regular course of growth, become developed into different struc- 
tures, from absorbing peculiar kinds of nutriment, independently 
of their umon with distinct gemmules. We shall appreciate tliis 
difficulty if we call to mind, what complex yet symmetrical 
growths the cells of plants yield when they are inoculated by 
tlie poison of a gall-insect. With animals various polypoid 
excrescences and tumours are now generally admitted*’ to be 
the direct product, through proliferation, of normal cells which 
have be^me abnormal. lathe regular growth and repair of 
bones, the tissues undergo, as Virchow remarks,** a whole series 
of permutations and substitutions. » The cartilage cells may be 

» Virchow. ‘ Cellular Pathology.- trans. by Dr. Chance, 18G0, pp. 60, 162, 24S, 

" Idem, pp. 412-420. 
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“ convertal by a direct transformation into marrow-cells, and 
“ continue as such ; or they may first be converted into osseous 
“ and then into medullary tissue ; or lastly, they may first be 
“ converted into marrow and then into bone. So variable are 
“the permutations of these tissues, in themselves so nearly 
‘‘allied, and yet in their external appearance so completely 
“ distinct.” But ns these tissues thus change their nature at 
any age, without any obvious change in their nutrition, we 
must suppose in accordance with our hypothesis that gemmules 
derived from one kind of tissue combine with the cells of another 
kind, and cause the successive modifications. 

It is useless to speculate at what period of development each 
organic unit casts oflf its gemmules; for the whole subject of the 
development of the various elemental tissues is as yet involved 
in much doubt. Some physiologists, for instance, maintain that 
muscle or nerve-fibres are developed from cells, which are 
afterwards nourished by their own proper powers of absorption ; 
whilst other physiologists deny their cellular origin ; and Beale 
maintains that such fibres are renovated exclusively by the 
conversion of fresh germinal matter (that is the so-called nuclei) 
into “formed material.” However this may be, it appears pro- 
bable that all external agencies, such as changed nutrition, 
increased use or disuse, &c., which induced any permanent modi- 
fication in a structure, would at the same time or previously act 
on the cells, nuclei, germinal or formative matter, from which 
the structures in question were developed, and consequently 
would act on the gemmules or cast-off atoms. 

There is another point on which it is useless to speculate, 
namely, whether all gemmules are fi-ee and separate, or whether 
some are from the first united into small aggregates. A feather, 
for instance, is a complex structure, and, as each separate part 
is liable to inherited variations, I conclude that each feather 
certainly generates a largo number of gemmules; but it is 
possible that these may be aggregated into a compound gem- 
mule. The same remark applies to the petals of a flower, 
which in some cases are highly complex, with each ridge and 
hollow contrived for special purposes, so that each part must 
have been separately modified, and the modifications transmitted; 
consequently, separate gemmules, according to our hypothesis, 
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must have been thrown off from each cell or part. But, as we 
sometimes see half an anther or a small portion of a filament 
becoming petaliform, or parts or mere stripes of the calyx 
assmning the colour and texture of the corolla, it is probable 
that with petals the gemmules of each cell are not aggregated 
together into a compound gemmule, but are freely and separately 
diffused. 



Having now endeavoured to show that the several foregoing 
assumptions are to a certain extent supported by analogous 
facts, and having discussed some of the most doubtful {mints, 
we will consider how far the hypothesis brings under a single 
point of view the various cases ennumerated in the First Part. 
All the forms of reproduction graduate into each other and 
agree in their product ; for it is impossible to distinguish between 
orgMisms produced from buds, from selMivision, or from 
fertilised germs; such organisms are liable to variations of the 
same nature and to reversion of character ; and as we now see 
that all the forms of reproduction depend on the aggregation 
of gemmules derived from the whole body, wo can understand 
this general agreement. It is satisfactory to find that sexual 
and asexual generation, by both of which widely different pro- 
cesses the same living creature is habitually produced, are 
fundamentally the same. Parthenogenesis is no longer won- 
derful ; in fact, the wonder is that it should not oftener occur. 
We see that the reproductive organs do not actuaUy create 
the sexual elements; they merely determine or permit the 
aggregation of the gemmules in a special manner. These 

Sim!!® ? ^3 *'°'"ever, 

h^h functions to perform ; they give to both elements a special 
S of the contents of the 

male and female cells, as is shown in the case of plants by 
pollen-grains; tLy adapt 
tor mu^^ olements for independent temporary existenL, and 
for mutual union. The contrivances for these purpose are 

<!<.» guid^i by „ .b.:i 
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zoon of an insect finds its way into the minute micropyle of the 
egg, or as when the antherozoids of certain algae swim by 
the aid of their ciUao to the female plant, and force themselves 
into a minute orifice. In these latter cases, however, we must 
believe that the male element has acquired its powers, on the 
same principle with the larval of animals, namely by successive 
modifications developed at corresponding periods of life : we 
can hardly avoid in these cases looking at the male element 
as a sort of premature larva, which unites, or, like one of the 
lower alga:, conjugates, with the female element. What deter- 
mines the aggregation of the gemmules within the sexual 
organs we do not in the least know ; nor do we know why buds 
are formed in certain definite places, leading to the symmetrical 
growth of trees and corals, nor why adventitious buds may be 
formed almost anywhere, even on a petal, and frequently upon 
healed wounds.* As soon as the gemmules have aggregated 
themselves, development apparently commences, but in the case 
of buds is often afterwards suspended, and in the case of the 
sexual elements soon ceases, unless the elements of the opposite 
sexes combine ; even after this has occurred, the fertilised germ, 
as with seeds buried in the ground, may remain during a 
lengthened period in a dormant state. 

The antagonism which has long been observed," though ex- 
ceptions occur,*' between active growth and the power of sexual 
reproduction — between the repair of injuries and gemmation — 
and with plants, between rapid increase by buds, rhizomes, 
&c., and the production of seed, is partly explained by the 
gemmules not existing in sufficient numbers for both processes. 



* See Rev. J. M. Berkeley, in ‘ Cord. 
Ohroa,’ April 28th, 1866, on a bud 
developed on the petal of the Clarkia. 
See aUo II. Schacht, ‘ Lelirbneli dcr 
Anat.,' &o., 1859, Theilo it e. 12, on 
adventitious bnds. 

“ Mr. Herbert Spencer (‘ Principles 
of Biology,’ vol. it p. 430) has fully 
discussed the anh^nism between 
growth and reproduction. 

■a The male salmon is known to breed 
at a very early age. The Triton nnd 
Siredon, whilst retaining their larval 
branchiae, acoording to Filippi and 
Dumeril Annals and Mag. of Nat. 



Hist.,’ 3rd series, 1866, p. 157), are 
capable of reproduction. Ernst Ilackei 
has recently (‘ Monatsbericht Aka<'. 
Wiss. Berlin,’ Feb. 2nd, 1865) ob- 
served the surprising case of a medusa, 
with its reproductive organs active, 
whicli produces by budding a widely 

latter also has the power of sexual re- 
production. Krohn has shown (‘AnnaK 
and Mag. of Nat. Hist.,’ 3rd aeries, vol. 
xii. 1862, p. 6) that certain other 
medUEie, whilst sexually mature, pro- 
pagate by gemmie. 
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But this explanation hardly applies to those plants which 
naturally produce a multitude of seeds, but which, through a 
comparatively small increase in the number of the buds on 
their rhizomes or offsets, yield few or no seed. As, however, 
we shall presently see that buds probably include tissue which 
has already been to a certain extent developed or differentiated, 
some additional oiganised matter will thus have been expendetl. 

From one of the forms of Keproduction, namely, spontaneous 
self-division, we are led by insensible steps to the repair of the 
slightest injury ; and the existence of gemmules, derived from 
every cell or unit throughout the body and everywhere diffused, 
explains all such cases,— even the wonderful fact that, when the 
limte of the salamander were out off many times successively 
by Spallanzani and Bonnet, they were exactly and completely 
reproduced. I have heard this process compared with the re- 
crystallmtion which occurs when the angles of a broken crystal 
are repaned; and the two processes have this much in common, 
that in the one case the polarity of the molecules is the efficient 
Mu^, and m the other the affinity of the gemmules for par- 
ticular nascent cells. ” 



Pangenesis does not throw much light on Hybridism, but 
agr^ well with most of the ascertained facts. We may con- 
dude from the fact of a single spermatozoon or pollen' ^rain 
being insufficient for impregnation, that a certain number of 
gemmules derived from each cell or unit are required for the 
development of each part. From the occurrence of parthe- 
KT “T “ ‘’>0 of the silk-moth, in 

that the felal partially formed, we may also infer 

If ai ktr f sufficient gemmules 

the two narent-f™ intermediate in character between 

the two parent-forms, yet occasionaUy they closely resemble one 

m^heir whole structure: nor is this difficult to uudemtand on 
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the admission that the gemmnles in the fertilised germ are 
superabundant in number, and that those derived from one 
parent have some advantage in number, affinity, or vigour over 
those derived from the other parent. Crossed forms sometimes 
exliibit the colour or other characters of either parent in stripes 
or blotches; and this may occur in the first generation, or 
through reversion in succeeding bud and seminal generations, 
as in the several instances given in the eleventh chapter. In 
these cases we huist follow Naudin," and admit that the 
“ essence ” or “ element ” of the two species, which terms I 
should translate into the gemmules, have an affinity for their 
own kind, and thus separate themselves into distinct stripes or 
blotches ; and reasons were given, when discussing in the fif- 
teenth chapter the incompatibility of certain characters to unite, 
for believing in such mutual affinity. When two forms are 
crossed, one is not rarely found to be prepotent in the transmis- 
sion of character over the other ; and this we can explain only 
by again assuming that the one form has some advantage in the 
number, vigour, or affinity of its gemmules, except in those 
cases, where certain characters are present in the one form and 
latent in the other. For instance, there is a latent tendency 
in all pigeons to become blue, and, when a blue pigeon is crossed 
with one of any other eolour, the blue tint is generally pre- 
potent. When we consider latent charactere, the explanation 
of this form of prepotency will be obvious. 

When one species is crossed with another it is notorious that 
they do not yield the full or proper number of offspring ; and 
we can only say on this head that, as the development of each 
organism depends on such nicely-balanced affinities between a 
host of gemmules and developing cells or units, we need not 
feel at all surprised that the commixture of gemmules derived 
from two distinct species should lead to a partial or complete 
failure of development. With respect to tlie sterility of hybrids 
produced from the union of two distinct species, it was shown iu 
tlie nineteenth chapter that this depends exclusively on the 
reproductive organs being specially affected; but why these 
organs should be thus affected wo do not know, any more than 

" See his excellent discussion on this subject in ‘Nouvelles Archires du 
Museum,' tom. i. p. 151. 
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why unnatural conditions of life, though compatible with health, 
should cause sterility; or why continued close interbreeding, or the 
illegitimate unions of dimorphic and trimorphic plants, induce 
the same result The conclusion that the reproductive organs 
atone are affected, and not the whole organisation, agrees per- 
fectly with the unimpaired or even increased capacity in hybrid 
plants for propagation by buds; for this implies, according 
to our hypothesis, that the cells of the hybrids throw off 
hybridised cell-gemmules, which become aggregated into buds, 
but fail to become aggregated within the reproductive organs’, 
so as to form the sexual elements. In a similar manner many 
plants, when placed under unnatural conditions, fail to produce 
seed, but can readily be propagated by buds. We shall 
presently see that pangenesis agrees well with tlie stroma ten- 
dency to reversion exhibited by all crossed animals and plLts. 

As by our hypothesis budding or fission differs from seminal 
generation only in the manner in which the gemmules are first 
ag^egated, we can understand the possibility of the formation of 
graft-hybrids; and these graft-hybrids, which combine the 
characters of the two forms of which the tissues have become 
united, connect in the closest and most interesting manner gem- 
mation and sexual reproduction. ^ 

Abundant evidence has been advanced proving that pollen 
taken from one species or variety and applied to the stigma of 
another sometimes directly affects the tissues of the mother- 
plant. It IS probable that this occurs with many plants during 
fertilisation, but can only be detected when distinct forms are 
crossed. On any ordinary theory of reproduction this is a most 
anomalous circumstance, for the pollen-grains aro niamTestly 
adapted to act on the ovule, but in these cases they act on the 
colour, texturo, and form of the coats of the seeds, on the 
ovarium itself, which is a modified leaf, and even on the calvx 
and upper part of the flower-peduncle. In accordance with the 
hypothesis of pangenesis pollen includes gemmules, derived from 
oveiy part of the organisation, which diffuse themselves and 
mu tiply byself-division: hence it is not surprising that gem- 
mules wihin the pollen which arederived from the pfrts neaHhe 
reproductive organs, should sometimes be able to affect the same 
parts, whilst still undergoing development, in the mother plant. 

2 c 2 
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As, during all the stages of development, the tissues of plants 
consist of cells, and as new cells are not known to be formed 
between, or independently of, pre-existing cells, we must con- 
clude that the gemmules derived from the foreign pollen do not 
become developed merely in contact with pre-existing cells, but 
actually penetrate the nascent cells of the mother-plant. This 
process may he compared with the ordinary act of fertilisation, 
during which the contents of the pollen-tubes penetrate the 
closed embryonic sack within the ovule, and determine the de- 
velopment of the embryo. According to this view, the cells of 
the mother-plant may almost literally be said to be fertilised by 
the gemmules derived from the foreign pollen. With all organ- 
isms, as we shall presently see, the cells or organic units of 
the embryo during the successive stages of development may in 
like manner be said to be fertilised by the gemmules of the 
cells, which come next in the order of formation. 

Animals, when capable of sexual reproduction, are fully 
developed, and it is scarcely possible that the male element 
should affect the tissues of the mother in the same direct manner 
as with plants ; nevertheless it is certain that her ovaria are 
sometimes affected by a previous impregnation, so that the 
ovules subsequently fertilised by a distinct male are plainly 
influenced in character ; and this, as in the case of foreign 
pollen, is intelligible through the diffusion, retention, and action 
of the gemmules included within the spermatozoa of the pre- 

Each organism reaches maturity through a longer or shorter 
course of development. The changes may be small and insen- 
sibly slow, as when a child grows into a man, or many, abrupt, 
and slight, as in the metamorphoses of certain ephemerous insects, 
or again few and strongly marked, as with most other insects. 
Each part may be moulded within a previously existing and 
corresponding part, and in this case it will appear, falsely as I 
believe, to be formed from the old part ; or it may be developed 
within a wholly distinct part of the body, as in the extreme 
cases of metagenesis. An eye, for instance, may be developed 
at a spot where no eye previously existed. We have also seen 
that allied organic beings in the course of their metamorphoses 
sometimes attain nearly the same structure after passing 
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til rough widely different forms; or conversely, after passing 
through nearly the same early forms, arrive at a widely 
different termination. In these cases it is very difficult to believe 
that the early cells or nnits possess the inherent power, inde- 
pendently of any external agent, of producing now structnres 
wholly different in form, position, and function. But these cases 
become plain on the hypothesis of pangenesis. The organic 
units, during each stage of development, throw off gemmules, 
which, multiplying, are transmitted to the offspring. In the 
offspring, as soon as any particular cell or unit in the proper 
order of development becomes partially developed, it unites with 
(or to speak metaphorically is fertilised by) the gemmule of the 
next succeeding cell, and so onwai-ds. Now, supposing that at any 
stage of development, certain eeUs or aggregates of cells had been 
slightly modified by the action of some disturbing cause, the cast- 
off gemmules or atoms of the cell-contents could hardly fail to 
be similarly affected, and consequently would reproduce the same 
modification. This process might bo repeated until the struc- 
ture of the part at this particular stage of development became 
greatly changed, but this would not necessarily affect other 
parts whether previously or subsequently developed. In this 
manner we can understand the remarkable independence of 
structure in the successive metamorphoses, and especially in the 
successive metageneses of many animals. 

The term growth ought strictly to be confined to mere 
incr^e of size, and development to change of structure.® Nowj 
a child is said to grow into a man, and a foal into a horse, but, 
as in these cases tliere is much change of structure, the process 
properly belongs to the order of development. We have indirect 
evidence of this in many variations and diseases supervening 
during so^alled growth at a particular period, and being in- 
herited at a corresponding period. In the case, however, of 
diseases which supervene during old age, subsequently to the 
ordinary period of procreation, and which nevertheless are some- 
times inherited, as occurs with brain and heart complaints, we 
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must suppose that the organs were in fact affected at an earlier 
age and threw off at this period affected gemmules ; but tliat 
the affection became visible or injurious only after the prolonged 
growth of the part in the strict sense of the word. In all the 
changes of structure which regularly supervene during old age, 
we see the effects of deteriorated growth, and not of true 
devfelopment. 

In the so-called process of alternaie generation many indi- 
viduals are generated asexually during very early or later stages 
of development. These individuals may closely resemble the 
preceding larval form, but generally are wonderfully dissi- 
milar. To understand this process we must suppose that at 
a certain stage of development the gemmules are multiplied 
at an unusual rate, and become aggregated by mutual affinity 
at many centres of attraction, or buds. These buds, it may be 
remarked, must include gemmules not only of all the succeeding 
but likewise of all the preceding stages of development; for 
when mature they have the power of transmitting by sexual 
generation gemmules of all the stages, however numerous these 
may be. It was shown in the First Part, at least in regard to 
animals, that the new beings which are thus at any period 
asexually generated do not retrograde in development — that 
is, they do not pass through those earlier stages, through which 
the fertilised germ of the same animal has to pass; and an 
explanation of this fact was attempted as far as the final or 
teleological cause is concerned. We can likewise understand 
the proximate cause, if we assume, and the assumption is far 
from improbable, that buds, like chopped-up fragments of a 
hydra, are formed of tissue which has already passed through 
several of the earlier stages of development ; for in this case 
their component cells or units would not unite with the gem- 
mules derived from the earlier-formed cells, but only with those 
which came next in the order of development. On the other 
hand, we must believe that, in the sexual elements, or probably 
in the female alone, gemmules of certain primordial cells are 
present ; and these, as soon as their development commences, 
unite in duo succession with the gemmules of every part of 
the body, from the first to the last period of life. 

The principle of the independent formation of each part, in 
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SO far as its development depends on the union of the proper 
gemmules with certain nascent cells, together with the super- 
abundance of the gemmules derived from both parents and self- 
multiplied, throws light on a widely different group of facts, 
which on any ordinary view of development appears very strange. 
I allude to organs which are abnormally multiplied or transposed. 
Thus gold-fish often have supernumerary fins placed on various 
parts of their bodies. We have seen that, when the tail of a 
lizard is broken off, a double tail is sometimes reproduced, and 
when the foot of the salamander is divided longitudinally, ad- 
ditional digits are occasionally formed. When frogs, toads, &c., 
are born with their limbs doubled, as sometimes occurs, the 
doubling, as Gervais remarks,** cannot be due to the com- 
plete fusion of two embryos, with the exception of tlie limbs, 
for the larvffi are limbless. The same argument is applicable *‘> 
to certain insects produced with multiple legs or antepn®, for 
these are metamorphosed from apodal or autennmless larvm. 
Alphonse Milne-Ed wards** has described the curious case of 
a crustacean in which one eye-peduncle supported, instead of a 
complete eye, only an imperfect cornea, out of the centre of 
which a portion of an antenna was developed. A case has been 
recorded*’ of a man who had during both dentitions a double 
tooth in place of the left second incisor, and he inherited 
this peculiarity from his paternal grandfather. Several cases 
are known** of additional teeth having been developed in 
the palate, more especially with horses, and in the orbit of the 
eye. Certain breeds of sheep bear a whole crowd of horns 
on their foreheads. Hairs occasionally appear in strange 
situations, as within the ears of the Siamese hairy family; 
and hairs “quite natural in structure” have been observed 
“within the substance of the brain.”*’ As many as five spurs 
have been seen on both legs in certain Game-fowls. In the 
Polish fowl the male is ornamented with a topknot of hackles 
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like those on his neck, whilst the female has one of common 
feathers. In feather-footed pigeons and fowls, feathers like 
those on the wing arise from the outer side of the legs and 
toes. Even the elemental parts of the same feather may be 
transposed ; for in the Sebastopol goose, barbules are developed 
on the divided filaments of the shaft. 

Analogous cases are of such frequent occurrence with plants 
that they do not strike ns with sufiScient surprise. Super- 
numerary petals, stamens, and pistils, are often produced. I 
have seen a leafiet low down in the compound leaf of Vieia 
sativa converted into a tendril, and a tendril possesses many 
peculiar properties, such as spontaneous movement and irrita- 
bility. The calyx sometimes assumes, eitlier wholly or by 
stripes, the colour and texture of the corolla. Stamens are so fre- 
quently converted, more or less completely, into petals, that such 
cases are passed over as not deserving notice ; but as petals have 
special functions to perform, namely, to protect the included 
organs, to attract insects, and in not a few cases to guide their 
entrance by well-adapted contrivances, we can hardly account 
for the conversion of stamens into petals merely by unnatural 
or superfluous nourishment. Again, the edge of a petal may 
occasionally be found including one of the highest products of 
the plant, namely the pollen ; for instance, I have seen in an 
Ophrys a pollen-mass with its curious structure of little packets, 
united together and to the caudicle by elastic threads, formed 
between the edges of an upper petal. The segments of the 
calyx of the common pea have been observed partially converted 
into carpels, including ovules, and with their tips converted into 
stigmas. Numerous analogous facts could be given.® 

I do not know how physiologists look at such facts as the 
foregoing. According to the doctrine of pangenesis, the free 
and superabundant gemmules of the transposed organs are 
developed in the wrong place, from uniting ivith wrong cells 
or aggregates of cells during their nascent state ; and this would 
follow from a slight modification in the elective affinity of such 
cells, or possibly of certain gemmules. Nor ought we to feel 
much surprise at the affinities of cells and gemmules varying 
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under domestication, when we remember the many curious 
cases given, in the seventeenth chapter, of cultivated plants 
which absolutely refuse to be fertiUsed by their own pollen 
or by that of the same species, but are abundantly fertile 
with pollen of a distinct species ; for this implies that their 
sexual elective affinities — and this is the term used by Gartner 
— have been modified. As the cells of adjoining or homologous 
parts will have nearly the same nature, they will be liable to 
acquire by variation each other’s elective affinities ; and we can 
thus to a certain extent understand such cases as a crowd of 
horns on the heads in certain sheep, of several spurs on the leg, 
and of hackles on the head of the fowl, and with the pigeon the 
occurrence of wing-feathers on their legs and of membrane 
between their toes ; for the leg is the homologue of the wing. 
As all the organs of plants are homologous and spring from a 
common axis, it is natural that they should be eminently liable to 
transposition. It ought to be observed that when any compound 
part, such as an additional limb or an antenna, springs from a 
false position, it is only necessary that the few first gemmules 
should be wrongly attached ; for these whilst developing would 
attract others in duo succession, as in the regrowth of an 
amputated limb. When parts which are homologous and 
similar in structure, as the vertebrse in snakes or the stamens 
in polyandrous fiowers, &c., are repeated many times in the 
same organism, closely allied gemmules must be extremely 
numerous, as well as the points to which they ought to become 
united; and, in accordance with the foregoing views, we can 
to a certain extent understand Isid. Geoffrey St. Hilaire’s law, 
namely, that parts, which are already multiple, are extremely 
liable to vary in number. 

The same general principles apply to the fusion of homo- 
logous parts ; and with respect to mere cohesion there is pro- 
bably always some degree of fusion, at least near the surface. 
When two embryos during their early development come into 
clo^ coiitact,as both include corresponding gemmules, which must 
be in all respects almost identical in nature, it is not surprising 
that some derived from one embryo and some from the other 
should unite at the point of contact with a single nascent cell or 
aggregate of cells, and thus give rise to a single part or organ. 
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For instance, two embryos might thns come to have on their 
adjoining sides a single symmetrical arm, which in one sense 
will have been formed by the fusion of the bones, muscles, &c., 
belonging to the arms of both embryos. In the case of the fish 
described by Lereboullet, in which a double head was seen 
gradually to fuse into a single one, the same process must have 
taken place, together with the absorption of all the parts which 
had been already formed. These cases are exactly the reverse 
of those in which a part is doubled either spontaneously or after 
an injury ; for in the case of doubling, the superabundant gem- 
mules of the same part are separately developed in union with 
adjoining points ; whilst in the ease of fusion the gemmules 
derived from two homologous parts become mingled and form a 
single part ; or it may be that the gemmules from one of two 
adjoining embryos alone become developed. 

Variability often depends, as I have attempted to show, 
on the reproductive organs being injuriously affected by 
changed conditions; and in this case the gemmules derived 
froin the various parts of the body are probably aggregated in 
an irregular manner, some superfluous and others deficient. 
Whether a superabundance of gemmules, together with fusion 
during development, would lead to the increased size of any 
part cannot be told ; but we can see that their partial deficiency, 
without necessarily leading to the entire abortion of the part, 
might cause considerable modifications ; for in the same manner 
as a plant, if its own pollen be excluded, is easily hybridised, so, 
in the case of a cell, if the properly succeeding gemmules were 
absent, it would probably combine easily with other and allied 
gemmules. We see this in the case of imperfect nails growing 
on the stumps of amputated flngere,“ for the gemmules of the 
nails have manifestly been developed at the nearest point. 

In variations caused by the direct action of changed conditions, 
whether of a definite or indefinite nature, as with the fleeces of 
sheep in hot countries, with maize grown in cold countries, with 
inherited gout, &c., the tissues of the body, according to the 
doctrine of pangenesis, are directly affected by the new con- 
ditions, and consequently throw off modified gemmules, which 
“ MuUcr's ‘ Plij-siology,’ Eng. traadat., vol. i. p. 407. 
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are transmitted with their newly acquired peculiarities to the 
offspring. On any ordinary view it is unintelligible how changed 
conditions, whether acting on the embryo, the young or adult 
animal, can cause inherited modifications. It is equally or even 
more unintelligible on any ordinary view, how the effects of the 
long-continued use or disuse of any part, or of changed habits 
of body or mind, can be inherited. A more perplexing problem 
can hardly be proposed ; but on our view we have only to sup- 
pose that certain cells become at last not only functionally but 
structurally modified ; and that these throw off similarly modified 
gemmules. This may occur at any period of development, and 
the modification will be inherited at a corresponding period ; for 
the modified gemmules will unite in all ordinary eases with the 
proper preceding cells, and they will consequently be developed 
at the same period at which the modification first arose. With 
respect to mental habits or instincts, we are so profoundly igno- 
rant on the relation between the brain and the power of thought 
that we do not know whether an inveterate habit or trick induces 
any change in the nervous system ; but when any habit or other 
mental attribute, or insanity, is inherited, we must believe that 
some actual modification is transmitted and tliis implies, ac- 
cording to our hypothesis, that gemmules derived from modified 
nerve-cells are transmitted to the offspring. 

It is generally, perhaps always, necessary that an organism 
should be exposed during several generations to changed con- 
ditions or habits, in order that any modification in the struc- 
ture of the offspring should ensue. This may be partly due 
to the changes not being at first marked enough to catch the 
attention, but this explanation is insufficient ; and I can account 
tor the fact, only by the assumption, which we shall see under 
the head of reversion is strongly supported, that gemmules 
derived from each cell before it had undergone the least modifi- 
cation are transmitted in large numbers to successive genera- 
tions, but that the gemmules derived from the same cells after 
modification, naturally go on increasing under the same favour- 
ing conditions, until at last they become sufficiently numerous 
to overpower and supplant the old gemmules. 

« S« some remarks to tbia efibcl by Sir H. Holland in hie -Medical Notee.' 
1839, p. 82. 
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Another difficulty may be here noticed ; we have seen that 
there is an important difference in the frequency, though not 
in the nature, of the variations in plants propagated by sexual 
and asexual generation. As far as variability depends on the 
imperfect action of the reproductive organs under changed con- 
ditions, we can at once see why seedlings should be far more 
variable than plants propagated by buds. We know that 
extremely slight causes, — for instance, whether a tree has been 
grafted or grows on its ovm stock, the position of the seeds 
within the capsule, and of the flowers on the spike, — sometimes 
suffice to determine the variation of a plant, when raised from 
seed. Now, it is probable, as explained when discussing alter- 
nate generation, that a bud is formed of a portion of already 
differentiated tissue; consequently an organism thus formed 
does not pass through the earlier phases of development, and 
cannot be so freely exposed, at the age when its structure 
would be most readily modified, to the various causes inducing 
variability; but it is very doubtful whether this is a sufficient 
explanation of the difficulty. 

With respect to the tendency to reversion, there is a similar 
difference between plants propagated from buds and seed. 
Many varieties, whether originally produced from seed or buds, 
can be securely propagated by buds, but generally or invariably 
revert by seed. So, also, hybridised plants can be multiplied to 
any extent by buds, but are continually liable to reversion by 
seed, that is, to the loss of their hybrid or intermediate cha- 
racter. I can offer no satisfactory explanation of this fact. Here 
is a still more perplexing case : cei-tain plants with variegated 
leaves, phloxes with striped flowera, barberries with seedless fruit, 
can all be securely propagated by the buds on cuttings; but the 
buds developed from the roots of these cuttings almost invariably 
lose their chai-acter and revert to their former condition. 

Finely, we can see on the hypothesis of pangenesis that 
variability depends on at least two distinct gi-oups of causea 
Firstly, on the deficiency, superabundance, fusion, and trans- 
position of gemmules, and on the redevelopment of those 
which have long been dormant. In these cases the gemmules 
themselves have undergone no modification ; but the mutations 
in the above respects will amply account for much fluctuating 
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variability. Secondly, in the cases in which the organisation 
has been modified by changed conditions, the increased use or 
disuse of part^ or any other cause, the gemmules cast off from 
the modified units of the body will be themselves modified, and, 
when sufficiently multiplied, will be developed into new and 
changed structures. 



Turning now to Inheritance ; if we suppose a homogeneous 
gelatinous protozoon to vary and assume a reddish colour, a 
minute separated atom would naturally, as it grew to full size 
retmn the same colour; aud we should have the simplest form 
of inheritance.” Precisely the same view may be extended to 
the infinitely numerous and diversified units of wliich the whole 
body in one of the higher animals is composed; and the 
separated atoms are our gemmules. Wo have already suffi- 
ciently discussed the inheritance of the direct effects of changed 
conditions, and of increased use or disuse of parts, and, by im- 
plicatiou, the important principle of inheritance at corresmnding 
ages. These groups of facts are to a large extent inteUigible 
on the hypothesis of pangenesis, and on no other hypothesis as 
yet advanced. 



A few words must be added on the complete abortion or sup- 
p^ion of organs. When a part becomes diminished by 
disuse prolonged during many generations, the principle of 
economy of growth, as previously explained, will tend to reduce 
it still further ; but this will not account for the complete or 
almost complete obliteration of, for instance, a minute papilla 
of cellular tissue representing a pistil, or of a microscopically 
minute nodule of bone representing a tooth. In certain cases 
of suppression not yet completed, in which a rudiment occa- 
sionally reappears through reversion, diflused gemmules derived 
from this part must, according to our view, still exist; hence we 
must supp<»e that the cells, in union with which the rudiment 
was formerly devdoped, in these cases fail in their affinity for 
such gemmules. But m the cases of complete and final abortion 
the gemmules themselves no doubt have perished; nor is this 

Hiickel in his ‘ con«tiluirtBn Materie im elterlichcn and 

(atV ni). «ie Thei- 



Danwin Online: By permission of the Trustees of the Natural History Museum (London) 



PEOVISIONAL HYPOTHESIS 



CBAr. XxVir. 



in any way improbable, for, thougb a vast number of active and 
long-dormant gemmules are diffused and nourished in each living 
creature, yet there must be some limit to their number ; and it 
appears natural that gemmules derived from an enfeebled and use- 
less rudiment would be more liable to perish than those derived 
from other parts which are still in full functional activity. 

With respect to mutilations, it is certain that a part may 
be removed or injured during many generations, and no in- 
herited result follow ; and this is an apparent objection to the 
hypothesis which will occur to every one. But, in the first 
place, a being can hardly be intentionally mutilated during its 
early stages of growth whilst in the womb or egg ; and such 
mutilations, when naturally caused, would appear like con- 
genital deficiencies, which are occasionally inherited. In the 
second place, according to our hypothesis, gemmules multiply 
by self-division and are transmitted from generation to gene- 
ration ; so that during a long period they would be present and 
ready to reproduce a part which was repeatedly amputated. 
Nevertheless it appears, from the facts given in the twelfth 
chapter, that in some rare cases mutilations have been inhe- 
rited, but in most of these the mutilated surface became diseased. 
In this case it may be conjectured that the gemmules of the lost 
part were gradually all attracted by the partially diseased surface, 
and thus perished. Although this would occur in the injured 
individual alone, and therefore in only one parent, yet this m^ht 
suflfice for the inheritance of a mutilation, on the same principle 
that a hornless animal of either sex, when crossed with a perfect 
animal of the opposite sex, often transmits its deficiency. 

The last subject that need here be discussed, namely Eever- 
sion, rests on the principle that transmission and development, 
though generally acting in conjunction, are distinct powers ; and 
the transmission of gemmules and their subsequent development 
show us how the existence of these two distinct powers is 
possible. We plainly see this distinction in the many cases in 
which a grandfather transmits to his grandson, through his 
daughter, characters which she does not, or cannot, posse» 
Why the development of certain characters, not necessarily m 
any way connected with the reproductive organs, should be con- 
fined to one sex alone— that is, why certain cells in one sex 
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should unite with and cause the development of certain gem- 
mules— we do not in the least know; but it is the common 
attribute of most organic beings in which the sexes are separate 
The distinction between transmission and development is 
likewise seen in all ordinary case* of Reversion; but before 
discussing this subject it may be advisable to say a few words 
on those characters which I have called latent, and which 
would not be classed under Reversion in its usual sense. Most, 
or perhaps all, the secondary chai-acters, which appertain to 
one sex, lie dormant in the other sex; that is, gemmules 
capable of development into the secondary male sexual characters 
are included within the female ; and conversely female cha- 
racters in the male. Why in the female, when her ovaria 
become diseased or fail to act, certain masculine gemmules 
become developed, we do not clearly know, any more than why 
when a young bull is castrated his horns continue growin.^ 
until they almost resemble those of a cow; or why, when a stag 
is castrated, the gemmules derived from the antlers of his pro- 
genitors quite fail to be developed. But in many cases, with 
variable organic beings, the mutual affinities of the cells and 
gemmules become modified, so that parts are transposed -or 
multiplied ; and it would appear that a slight change in the 
constitution of an animal, in connection with the state of 
the reproductive organs, leads to changed affinities in the 
tissues of various parts of the body. Thus, when male animals 
first arrive at puberty, and subsequently during each recui*- 
rent season, certain cells or parts acquire an affinity for cer- 
tain gemmules, which become developed into the secondary 
masculine characters; but if the reproductive organs be de- 
strojed, or even temporarily disturbed by changed conditions, 
these affinities are not excited. Nevertheless, the male, before 
e arrive at puberty, and during the season when the species 
does not breed, must include the proper gemmules in a latent 
state. The curious case formerly given of a Hen which assumed 
the mascuhne characters, not of her own breed but of a remote 
pro^ni or, i ustrates the connection between latent sexual cha- 
racters and ordinary reversion. With those animals and plants 
which habitually produce several forms, as with certain butter- 
flies described by Mr. Wallace, in which three female forms and 
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the male exist, or as with the trimorphic species of Lythnim 
and Oxalis, gemmules capable of reproducing several widely- 
different forms must bo latent in each individual. 

The same principle of the latency of certain characters, com- 
bined with the transposition of organs, may be applied to those 
singular cases of butterflies and other insects, in which exactly 
one half or one quarter of the body resembles the male, and the 
other half or three quarters the female ; and when this occurs 
the opposite sides of the body, separated from each other by a 
distinct line, sometimes diflfer in the most conspicuous manner. 
Again, these same principles apply to the cases given in the thir- 
teenth chapter, in which the right and left sides of the body differ 
to on extraordinary degree, as in the spiral winding of certain 
shells, and as in the genus A^erruca among cirripedes ; for in 
these cases it is known that either side indifferently may undergo 
the same remarkable change of development. 

Reversion, in the ordinary sense of the word, comes into action 
so incessantly, that it evidently forms an essential part of the 
general law of inheritance. It occurs with beings, however 
propagated, whether by buds or seminal generation, and some- 
times may even be observed in the same individual as it advances 
in age. The tendency to reversion is often induced by a change 
of conditions, and in the plainest manner by the act of crossing. 
Crossed forms are generally at first nearly intermediate in cha- 
racter between their two parents; but in the next generation 
the offspring generally revert to one or both of their grand- 
parents, and occasionally to more remote ancestors. How can 
we account for these facts ? Each organic unit in a hybrid must 
throw off, according to the doctrine of pangenesis, an abundance 
of hybridised gemmules, for crossed plants can be readily and 
largely propagated by buds ; but by the same hypothesis there 
will likewise be present dormant gemmules derived from both 
pure parent-forms ; and as these latter retain their normal con- 
dition, they would, it is probable, be enabled to multiply largely 
during the lifetime of each hybrid. Consequently the sexual 
elements of a hybrid will include both pure and hybridised 
gemmules ; and when two hybrids pair, the combination of pure 
gemmules derived from the one hybrid with the pure gem- 
mules of the same parts derived from the other would neces- 
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sarily lead to complete reversion of character ; and it is, perhaps, 
not too bold a supposition that unmodified and undeteriorated 
gemmules of the same nature would be especially apt to com- 
1 T in combination with hybridised gemmules 

would lead to partial reversion. And lastly, hybridised gem- 
mules derived from both parent-hybrids would simply reproduce 
the original hybrid form.” All these cases and degrees of 
reversion incessantly occur. 

It was shown in the fifteenth chapter that certain characters 
^ antagonistic to each other or do not readily blend together; 
henw, when two animals with antagonistic characters are crossed' 

It might well happen that a sufficiency of gemmules in the male 
^one for the reproiluction of his peculiar charactei-s, and in the 
female alone for the reproduction of her peculiar characters, 
would not be present ; and in this case dormant gemmules derived 
from some remote progenitor might easily gain the ascendency, 

and cause the reappearance of long-lost charactoi-s. For instance ■ 

when black and white pigeon^ or black and white fowls, are’ 
crossed,-colours which do not readily blend,-blue plumage in 
the one case, evidently derived from the rock-pigeon, and red 
plumage m the other case, derived from the wild jungle-cock 
occasiona ly reappear. With uncrossed breeds the same result 
would follow, under conditions which favoured the multiplica- 
tion and development of certain dormant gemmules, as when 
an jals become feral and revert to their pristine character. A 
certain numberof gemmules being requisite for the development 
to be the case from several spe.. 
mato^ or pollen-grams being necessary for fertilisation, Vnd 
l7our °“"”^- for the 

^rClvT’ ^ diseases 

Si generations. This likewise 

iiif ’ T" " ’^ith other weakly inherited mo- 

appear actually to ^m strength by the intermission of a genera, 
t on The transmrssion of dormant gemmules during many 
successive generations is hardly in itself more improbable, Z 

essences of the two snefilna JVouvcUes Archives dn MuaSum. 
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previously remarked, than the retention during many ages of 
rudimentary organs, or even only of a tendency to the production 
of a rudiment ; but there is no reason to suppose that all dormant 
gemmules would be transmitted and propagated for ever. Ex- 
cessively minute and numerous as they are believed to be, an 
infinite number derived, during a long course of modification 
and descent, from each cell of each progenitor, could not be 
supported or nourished by the organism. On the other hand, 
it does not seem improbable that certain gemmules, under 
favourable conditions, should be retained and go on multiplying 
for a longer period than others. Finally, on the views here 
given, we certainly gain some clear insight into the wonderful 
fact that the child may depart from the type of both its parents, 
and resemble its grandparents, or ancestors removed by many 
generations. 



Cmdimm. 

The hypothesis of Pangenesis, as applied to the several great 
classes of facts just discussed, no doubt is extremely complex ; 
but so assuredly are the facts. The assumptions, however, on 
which the hypothesis rests cannot be considered as complex in 
any extreme degree — namely, that all organic units, besides 
having the power, as is generally admitted, of growing by self- 
division, throw off free and minute atoms of their contents, that 
is gemmules. These multiply and aggregate themselves into 
buds and the sexual elements ; their development depends on 
their union with other nascent cells or units ; and they are capable 
ef transmission in a dormant state to successive generations. • 

In a highly organised and complex animal, the gemmules 
thrown off from each different cell or unit throughout the body 
must be inconceivably numerous and minute. Each unit of each 
part, as it changes during development, and we know that some 
insects undergo at least twenty metamorphoses, must throw off 
its gemmules. All organic beings, moreover, include many 
dormant gemmules derived from their grandparents and more 
remote progenitors, but not from aU their progenitors. These 
almost infinitely numerous and minute gemmules must be 
included in each bud, ovule, spermatozoon, and jx)llen-graiu. 
Such an admission will be declared impossible; but, as previously 
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remarkexl, number and size are only relative difficulties, and 
the eggs or seeds produced by certain animals or plante are so 
numerous that they cannot be grasped by the intellect. 

The organic particles with which the wind is tainted over 
miles of space by certain offensive animals must be infinitely 
minute and numerous; yet they strongly affect the olfactory 
nerves. An analogy more appropriate is afforded by the con- 
tagious particles of certain diseases, which are so minute that 
they float in the atmosphere and adhere to smooth paper; yet 
we know how largely they increase within the human body, and 
how powerfully they act. Independent organisms exist which 
are barely visible under the highest powers of our recently- 
improved microscopes, and which probably are fully. as large 
as the cells or units in one of the higher animals; yet these 
organisms no doubt reproduce themselves by germs of extreme 
minutene®, relatively to their own minute size. Hence the diffi- 
culty, which at first appears insurmountable, of believing in 
the existence of gemmules so numerous and so small as they 
must be according to our hypothesis, has really little weight. 

The cells or units of the body are generally admitted by phy- 
siologists to be autonomous, like the buds on a tree, but in a 
less degree. I go one step further and assume that they throw off 
reproductive gemmules. Thus an animal does not, as a whole, 
generate its kind through tlie sole agency of the reproductive 
system, but each separate cell generates its kind. It has 
often been said by naturaUsts that each cell of a plant has the 
actual or potential capacity of reproducing the whole plant ; but 
it has this power only in virtue of containing gemmules derived 
from every part. If our hypothesis be provisionally accepted, we 
must look at all the forms of asexual reproduction, whether oc- 
curring at maturity or as in the case of alternate generation 
during youth, as fundamentally the same, and dependent on the 
mutual ^gregation and multiplication of the gemmules. The 
regrowth of an amputated limb or the healing of a wound is the 
same process partially carried out. Sexual generation differs in 
^me important respects, chiefly, as it would appear, in an insuf- 
ficient number of gemmules being aggregated within the separate 
sexual elements, and probably in the presence of certain primor- 
dial cells. The development of each being, including all the 
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forms of metamorphosis and metagenesis, as well as the so- 
called growth of the higher animab, in which structure changes 
though not in a striking manner, depends on the presence of 
gemmules thrown off at each period of life, and on their develop- 
ment, at a corresponding period, in union with preceding cells. 
Such cells may be said to be fertilised by the gemmules which 
come next in the order of development. Thus the ordinary act 
of impregnation and the development of each being are closely 
analogous processes. The child, strictly speaking, does not grow 
into the man, but includes germs which slowly and successively 
become developed and form the man. In the child, as well as 
in the adult, each part generates the same part for the next 
generation. Inheritance must be looked at as merely a form 
of growth, like the self-division of a lowly-organised unicellular 
plant Reversion depends on the transmission from the fore- 
father to his descendants of dormant gemmules, which occa- 
sionally become developed under certain kno™ or unknown 
conditions. Each animal and plant may be compared to a bed 
of mould full of seeds, most of which soon germinate, some lie 
for a period dormant, whilst others perish. When we hear it 
said that a man carries in his constitution the seeds of an in- 
herited disease, there is much literal truth in the expression. 
Finally, the power of propagation possessed by each separate 
cell, using the term in its largest sense, determines the repro- 
duction, the variability, the development and renovation of each 
living organism. No other attempt, as far as I am aware, has 
been made, imperfect as this confessedly is, to connect under 
one point of view these several grand classes of facts. Wo 
cannot fathom the marvellous complexity of an organic being ; 
but on the hypothesis here advanced this complexity is much 
increased. Each living creature must be looked at as a mi- 
crocosm — a little universe, formed of a host of self-propagatii^ 
organisms, inconceivably minute and as numerous as the stars in 
heaven. 
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OKSat AND DISTINCTNEeS OP CHAIIACTEB — EXTINCTION OF EACES — aRCClJ- 

PTANCBS FATOrRABLE TO SELECTION BY MAN — ANTIQUITY OP CERTAIN RACES — 

THE QUESTION WHETHER EACH PARTICULAR VARIATION HAS BEEN SPECIALLY PRB- 

As gmninaries have been added to nearly all the chapters, and 
as, in the chapter on pangenesis, various subjects, such as the 
forms of reproduction, inheritance, reversion, the causes and 
laws of variability, &c., have been recently discussed, I will 
here only make a few general remarks on the more important 
conclusions which may be deduced from the multifarious details 
given throughout this work. 

Savages in aU parts of the world easily succeed in taming 
wild animals ; and those inhabiting any country or island, when 
first invaded by man, would probably have been still more 
easily tamed. Complete subjugation generally depends on an 
animal being social in its habits, and on receiving man as the 
chief of the herd or family. Domestication implies almost 
complete fertility under new and changed conditions of life, and 
this is far fi-om being invariably the case. An animal would not 
have been worth the labour of domestication, at least during early 
times, unless of service to man. From these circumstances the 
number of domesticated animals has never been large. With 
respect to plants, I have shown in the ninth chapter how their 
varied uses were probably first discovered, and the early steps in 
their cultivation. Man could not have known, when he first 
domesticated an animal or plant, whether it would flourish and 
multiply when transported to other countries, therefore he could 
not have been thus influenced in his choice. We see that the 
close adaptation of the reindeer and camel to extremely cold and 
hot countries has not prevented their domestication. Still less 
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could man have foreseen whether his animals and plants would 
vary in succeeding generations and thus give birth to new races; 
and the small capacity of variability in the goose and ass has not 
prevented their domestication from the remotest epoch. 

ith extremely few exceptions, all animals and plants which 
have been long domesticated, have varied greatly. It matters 
not under what climate,, or for what purpose, they are kept, 
whether as food for man or beast, for draught or hunting, for 
clothing or mere pleasure, — under all these circumstances do- 
mesticated animals and plants have varied to a much greater 
extent than the forms which in a state of nature are ranked as 
one species. Why certain animals and plants have varied 
more under domestication than others we do not know, any 
more than why some are rendered more sterile than others 
under changed conditions of life. But we frequently judge of 
the amount of variation by the production of numerous and 
diversified races, and wo can clearly see why in many cases this 
has not occurred, namely, because slight successive variations 
have not been steadily accumulated ; and such variations will 
never be accumulated when an animal or plant is not closely 
observed, or much valued, or kept in large numbers. 

The fluctuating, and, as far as we can judge, never-ending 
variability of our domesticated productions, — the plasticity of 
their whole organisation, — is one of the most important facts 
which we learn from the numerous details given in the earlier 
chapters of this work. Yet domesticated animals and plants can 
hardly have been exposed to greater changes in their conditions 
than have many natural species during the incessant geological, 
geographical, and climatal changes of the whole world. The 
former will, however, commonly have been exposed to more 
sudden changes and to less continuously uniform conditions. 
As man has domesticated so many animals and plants belonging 
to widely different classes, and as he certainly did not with pro- 
phetic instinct choose those species which would vary most, we 
may infer that all natural species, if subjected to analogous 
conditions, would, on an average, vaiy to the same degree. 
Few men at the present day will maintain that animals and 
plants were created with a tendency to vary, which long 
remained dormant, in order that fanciers in after ages might 
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rear, for instance, curious breeds of the fowl, pigeon, or canary- 
bird. 

From several causes it is difficult to judge of tke amount 
of modification which our domestic productions have under- 
gone. In some cases the primitive parent-stock has become 
extinct, or cannot be recognised with certainty owing to its 
supposed descendants having been so much modified. In 
other cases two or more closely allied forms, after being do- 
mesticated, have crossed; and then it is difficult to estimate 
how much of the change ought to be attributed to variation. 
But the degree to which our domestic breeds have been modified 
by the crossing of distinct natural forms has probably been 
exa^erated by some authors. A few individuals of one form 
would seldom permanently affect another form existing in much 
greater numbers; for, without careful selection, the stain of the 
foreign blood would soon be obliterated, and during early and 
barbarous times, when our animals were first domesticated, 
such care would seldom have been taken. 

There is good reason to believe that several of the breeds of 
the dog, ox, pig, and of some other animals, are respectively 
descended from distinct wild prototypes ; nevertheless the belief 
in the multiple origin of our domesticated animals has been 
extended by some few naturalists and by many breeders to an 
unauthorised extent. Breeders refuse to look at the whole 
subject under a single point of view ; I have heard one, who 
maintained that our fowls were the descendants of at least 
halt-a-dozen aboriginal species, protest that he was in no way 
concerned with the origin of pigeons, ducks, rabbits, horses, or 
any other animal. They overlook the improbability of many 
species having been domesticated at an early and barbarous 
period. They do not consider the improbability of species 
having existed in a state of nature which, if like our present 
domestic breeds, would have been highly abnormal in comparison 
with all their congeners. They maintain that certain species, 
which formerly existed, have become extinct or unknown, 
although the world is now so much better known. The assump- 
tion of so much recent extinction is no difficulty in their eyes ; 
for they do not judge of its probability by the facility or difficulty 
of the extinction of other closely allied wild forms. Lastly, 
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they often ignore the whole subject of geographical distribu- 
tion as completely as if its laws were the result of chance. 

Although from the reasons just assigned it is often difficult 
to judge accurately of the amount of change which our domesti- 
cated productions have undergone, yet this can be ascertained 
in the cases in which we know that all the breeds are descended 
from a single species, as with the pigeon, duck, rabbit, and almost 
certainly with the fowl ; and by the aid of analogy this is to a 
certain extent possible in the case of animals descended from 
several wild stocks. It is impossible to read the details given 
in the earlier chapters, and in many published works, or to 
visit our various exhibitions, without being deeply impressed 
with the extreme variability of our domesticated animals and 
cultivated plants. I have in many instances purposely given 
details on new and strange peculiarities which have arisen. No 
part of the organisation escapes the tendency to vary. The 
variations generally affect parts of small vital or physiological 
importance, but so it is with the differences which exist 
between closely allied species. In these unimportant char 
racters there is often a greater difference between the breeds of 
the same species than between the natural species of the same 
genus, as Isidore Geoffrey has shown to be the case with size, 
and as is often the case with the colour, texture, form, &c., of 
the hair, feathers, horns, and other dermal appendages. 

It has often been asserted that important parts never vary 
under domestication, but this is a complete error. Look at 
the skull of the pig in any one of the highly improved breeds, 
with the occipital condyles and other parts greatly modified; or 
look at that of the niata ox. Or again, in the several breeds 
of the rabbit, observe the elongated skull, with the differently 
shaped occipital foramen, atlas, and other cervical vertebrse. 
The whole shape of the brain, together with the skull, has 
been modified in Polish fowls; in other breeds of the fowl 
the number of the vertebrae and the forms of the cervical 
vertebr® have been changed. In certain pigeons the shape of 
the lower jaw, the relative length of the tongue, the size of the 
nostrils and eyelids, the number and shape of the ribs, the form 
and size of the oesophagus, have all varied. In certain quadru- 
peds the length of the intestines has been much increased or 
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diminished. With plants we see wonderful differences in the 
stones of various fruits. In the Cucurbitaccse several highly 
important characters have varied, such as the sessile position of 
the stigmas on the ovarium, the position of the carpels within 
the ovarium, and its projection out of the receptacle. But it 
would be useless to run through the many facts given in the 
earlier chapters. 

It is notorious how greatly the mental disposition, tastes, 
habits, consensual movements, loquacity or silence, and the tone 
of voice have varied and been inherited with our domesticated 
animals. The dog offers the most striking instance of changed 
mental attributes, and these differences cannot be accounted for 
by descent from distinct wild types. New mental characters 
have certainly often been acquired, and natural ones lost, under 
domestication. 

New characters may appear and disappear at any stage of 
growth, and be inherited at a corresponding period. We see 
this in the difference between the eggs of various breeds of the 
fowl, and in the down on chickens ; and stiU more plainly in 
the differences between the caterpillars and cocoons of various 
breeds of the silk-moth. These facts, simple as they appear, 
throw light on the characters which distinguish the larval and 
adult states of natural species, and on the whole great subject 
of embryology. New characters are liable to become attached 
exclusively to that sex in which they first appeared, or they 
may bo developed in a much higher degree in the one than 
the other sex ; or again, after having become attached to one 
sex, they may bo partially transferred to the opposite sex. 
These facts, and more especially the circumstance that new 
characters seem to be particularly liable, from some unknown 
cause, to become attached to the male sex, have an important 
bearing on the acqxiirement by animals in a state of nature of 
secondary sexual characters. 

It has sometimes been said that our domestic productions do 
not differ in constitutional peculiarities, but this cannot be 
maintained. In our improved cattle, pigs, &c., the period of 
maturity, including that of the second dentition, has been 
much hastened. The period of gestation varies much, but has 
been modified in a fixed manner in only one or two cases. In 
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our poultry and pigeons the acquirement of down and of the 
first plumage by the young, and of the secondary sexual cha- 
racters by the males, differ. The number of moults through 
which the larvm of silk-moths pass, varies. The tendency to 
fatten, to yield much milk, to produce many young or eggs 
at a birth or during life, differs in different breeds. AVe M 
different degrees of adaptation to climate, and 'different ten- 
dencies to certain diseases, to the attacks of parasites, and to 
the action of certain vegetable poisons. With plants, adaptation 
to certain soils, as with some kinds of plums, the power of resisting 
frost, the period of flowering and fruiting, the duration of life, 
the period of shedding the leaves and of retaining them through- 
out the winter, the proportion and nature of certain chemical 
compounds in the tissues or seeds, all vary. 

There is, however, one important, constitutional difference 
between domestic races and species; I refer to the sterility 
which almost invariably follows, in a greater or less degree^ when 
species are crossed, and to the perfect fertility of the most dis- 
tinct domestic races, with the exception of a very few plants, 
when similarly crossed. It certainly appears a remarkable fact 
that many closely allied species which in appearance differ ex- 
tremely little should yield when united only a few, more or less 
sterile offspring, or none at all ; whilst domestic races which differ 
conspicuously from each other, arc when united remarkably fer- 
tile, and yield perfectly fertile offspring. But this fact is not in 
reality so inexplicable as it at first appeals. In the first place, 
it was clearly shown in the nineteenth chapter that the sterility 
of crossed species does not closely depend on differences in their 
external structure or general constitution, but results exclusively 
from differences in the reproductive system, analogous with those 
which cause the lessened fertility of the illegitimate unions and 
illegitimate offspring of dimorphic and trimorphic plants. In 
the second place, the Pallasian doctrine, that species after having 
been long domesticated lose their natural tendency to sterility 
when crossed, has been shown to be highly probable ; we can 
scarcely avoid this conclusion when we reflect on the parentage 
and present fertility of the several breeds of the dog, of Indian 
and European cattle, sheep, and pigs. Hence it would be un- 
reasonable to expect that races formed under domestication 
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should acquire sterility when crossed, whilst at the same time 
we admit that domestication eliminates the normal sterility of 
crossed species. A\Tiy with closely allied species their reproduc- 
tive systems should almost invariably have been modified in so 
peculiar a manner as to be mutually incapable of acting on each 
other — ^though in unequal degrees in the two sexes, as shown by 
the difference in fertility between reciprocal crosses in the same 
species — we do not know, but may with much probability infer 
the cause to be as follows. Most natural species have been 
habituated to nearly uniform conditions of life for an incom- 
parably longer period of time than have domestic races ; and 
we positively know that changed conditions exert an especial 
and powerful infiuence on the reproductive system. Hence this 
diflerenee in habituation may well account for the different 
action of the reproductive organs when domestic races and when 
species are crossed. It is a nearly analogous fact, that most 
domestic races may be suddenly transported from one climate 
to another, or be placed under widely different conditions, and 
yet retain their fertility unimpaired; whilst a multitude of 
species subjected to lesser changes are rendered incapable of 
breeding. 

With the exception of fertility, domestic varieties resemble 
species when crossed in transmitting their characters in the 
same unequal manner to. their offspring, in being subject to the 
prepotency of one form over the other, and in their liability 
to reversion. By repeated crosses a variety or a species may 
be made completely to absorb another. Varieties, as we shall 
see when we treat of their antiquity, sometimes inherit their 
new characters almost, or even quite, as firmly as species. 
With both, the conditions leading to variability and the 
laws governing its nature appear to be the same. Domestic 
varieties can be classed in groups under groups, like species 
under genera, and these tmder families and orders ; and the 
classification may be either artificial, — that is, founded on any 
arbitrary character, — or natural. With varieties a natural clas- 
sification is certainly founded, and with species is apparently 
founded, on community of descent, together with the amount of 
modification which the forms have undergone. The characters 
by which domestic varieties differ from each other are more 
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variable than those distinguishing species, though hardly more 
so than with certain protean species ; but this greater degree 
of variability is not surprising, as varieties have generally been 
exposed within recent times to fluctuating conditions of life, 
are much more liable to have been crossed, and are still in 
many cases undergoing, or have recently undergone, modifica- 
tion by man’s methodical or unconscious selection. 

Domestic varieties as a general rule certainly tUfler from each 
other in less important parts of their organisation than do 
species ; and when important differences occur, they are seldom 
firmly fixed ; but this fact is intelligible if wo consider man’s 
methoil of selection. In the living animal or plant he cannot 
observe internal modifications in the more important organs ; 
nor does he regard them as long as they are compatible with 
health and life. What does the breeder care about any slight 
change in the molar teeth of his pigs, or for an additional 
molar tooth in the dog; or for any change in the intestinal 
canal or other internal organ? The breeder cares for the 
flesh of his cattle being well marbled with fat, and for an 
accumulation of fat within the abdomen of his sheep, and this 
he has effected. What would the floriculturist care for any 
change in the structure of the ovarium or of the ovules ? As 
important internal organs are certainly liable to numerous 
slight variations, and as these would probably be inherited, for 
many strange monstrosities are transmitted man could un- 
doubtedly effect a certain amount of change in these organs. 
When he has produced any modification in an important part, 
it has generally been unintentionally in correlation with some 
other conspicuous part, as when he has given ridges and protu- 
berances to the skulls of fowls, by attending to the form of the 
comb, and in the case of the Polish fowl to the plume of feathers 
on the head. By attending to the external form of the pouter 
pigeon, he has enormously increased the size of the oesophagus, 
and has added to the number of the ribs, and given them 
greater breadth. With the carrier-pigeon, by increasing, through 
steady selection, the wattles on the upper mandible, he has 
greatly modified the form of the lower mandible ; and so in many 
other cases. Natural species, on the qther hand, have been mo- 
dified exclusively for their own good, to fit them for infinitely 
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diversified conditions of life, to avoid enemies of all kinds, and 
to struggle against a host of competitors. Hence, under such 
complex conditions, it would often happen that modifications 
of the most varied kinds, in important as well as in unimportant 
part^ would be advantageous or even necessary ; and they would 
slowly but surely bo acquired through the survival of the fittest 
Various indirect modifications would likewise arise through the 
law of correlated variation. 

Domestic breeds often have an abnormal or semi-monstrous 
character, as the Italian greyhound, bulldog, Blenheim spaniel, 
and bloodhound amongst dogs,— some breeds of cattle and pigsi 
several breeds of the fowl, and the chief breeds of the pigeon. 
The differences between such abnormal breeds occur in parts 
which in closely-allied natural species differ but slightly or not 
at alL This may be accounted for by man’s often selecting, 
especially at first, conspicuous and semi-monstrous deviations of 
structure. We should, however, be cautious in deciding what 
deviations ought to be called monstrous: there can hardly be a 
doubt that, if the brush of horse-like hair on the breast of the 
turkey-cock had first appeared on the domesticated bird, it would 
have been considered a monstrosity; the great plume of feathers 
on the head of the Polish cock has been thus designated, though 
plumes are common with many kinds of birds ; we might call 
the wattle or corrugated skin round the base of the beak of the 
English carrier-pigeon a monstrosity, but wo do not thus speak 
of the globular fleshy excrescence at the base of the beak of 
the male Carpaphaga oceamca. 

Some authors have drawn a wide distinction between 
artificial and natural breeds; although in extreme cases the 
distinction is plain, in many other cases an arbitrary lino 
has to be drawn. The difference depends chiefly on the kind 
of selection which has been applied. Artificial breeds are • 
those which have been intentionally improved by man ; they 
frequently have an unnatural appearance, and are especially 
liable to loss of excellence through reversion and continued 
variability. The so-called natural breeds, on the other hand, 

I are those which are now found in semi-civilised countries, and 

I which formerly inhabited separate districts in nearly all the 

European kin^oms. They have been rarely acted on by man’s 
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intentional selection; more frequently, it is probable, by un- 
conscious selection, and partly by natural selection, for animals 
kept in semi-civilised countries have to provide largely for their 
own wants. Such natural breeds will also, it may be presumed, 
have been directly acted on to some extent by the differences' 
though slight, in the surrounding physical conditions. 

It is a much more important distinction that some breeds have 
been from their first origin modified in so slow and insensible a 
manner, that if we could see their early progenitors we should 
hardly be able to say when or how the breed first arose ; whilst 
other breeds have originated from a strongly-marked or semi- 
monstrous deviation of structure, which, however, may subse- 
quently have been augmented by selection. From what wo 
know of the history of the racehorse, greyhound, gamecock, 
&c., and from their general appearance, we may feel nearly con- 
fident that they were formed by a slow process of improvement : 
and with the carrier-pigeon, as well as with some other pigeons, 
we know that this has been the case. On the other hand, it is 
certain that the ancon and mauchamp breeds of sheep, and 
almost certain that the niata cattle, turnspit and pug-dogs, 
jumper and frizzled fowls, short-laced tumbler pigeons, hook- 
billed ducks, &c., and with plants a multitude of varieties, sud- 
denly appeared in nearly the same state as we now see them. 
The frequency of these cases is likely to lead to the false 
belief that natural species have often originated in the same 
abrupt manner. But we have no evidence of the appearance, or 
at least of the continued procreation, under nature, of abrupt 
modifications of structure ; and various general reasons could be 
assigned against such a belief : for instance, \vithout separation 
a single monstrous variation would almost certainly be soon 
obliterated by crossing. 

On the other hand, we have abundant evidence of the con- 
stant occurrence under nature of slight individual differences of 
the most diversified kinds; and thus we are led to conclude that 
species have generally originated by the natural selection, not of 
abrupt modifications, but of extremely slight differences. This 
process may be strictly compared with the slow and gradual im- 
provement of the racehorse, greyhound, and gamecock. As every 
detail of structure in each species is closely adapted to its general 
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habits of life, it will rarely happen that one part alone will bo 
modified ; but the co-adapted modifications, as formerly shown, 
need not be absolutely simultaneous. Many variations, however, 
are from the first connected by the law of correlation. Hence 
it follows that even closely-allied species rarely or never differ 
from each other by some one character alone ; and this same 
remark applies to a certain extent to domestic races; for these, 
if they differ much, generally differ in many respects. 

Some naturalists boldly insist' that species are absolutely 
distinct productions, never passing by intermediate links into 
each other ; whilst they maintain that domestic varieties can 
always be connected either with each other or with their parent- 
forms. But if we could always find the links between the 
several breeds of the dog, horse, cattle, sheep, pigs, &c., the 
incessant doubts whether they are descended from one or several 
species would not have arisen. The greyhound genus, if such a 
term may be used, cannot be closely connected with any other 
breed, unless, perhaps, we go back to the ancient Egyptian 
monuments. Our English bulldog also forms a very distinct breed. 
In all these cases crossed breeds must of course be excluded, for 
the most distinct natural species can thus be connected. By 
what links can the Cochin fowl be closely united with others ? 
By searching for breeds still preserved in distant lands, and by 
going back to historical records, tumbler-pigeons, carriers, and 
barbs can be closely connected with the parent rock-pigeon ; 
but we cannot thus connect the turbit or the pouter. The 
degree of distinctness between the various domestic breeds 
depends on the amount of modification which they have under- 
gone, and especially on the neglect and final extinction of the 
linking, intermediate, and less valued forms. 

It has often been argued that no light is thrown, from the ad- 
mitted changes of domestic races, on the changes which natural 
species are believed to undergo, as the former are said to be mere 
temporary productions, always reverting, as soon as they become 
feral, to their pristine form. This argument has been well com- 
bated by Mr. Wallace;* and full details were given in the thir- 
I teenth chapter, showing that the tendency to reversion in feral 

I ' Godron, ‘ Do rEsptco,’ 1859, tom. ii. p. 44, 4c. 

• Journal Proc. Linn. Boo., 1858, vot ui. p. 00. 
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animals and plants Las been greatly exaggerated, though no 
doubt to a certain extent it exists. It would be opposed to all 
the principles inculcated in this work, if domestic animals, when 
exposed to new conditions and compelled to struggle for their 
own wants against a host of foreign competitors, were not in 
the course of time in some manner modified. It should also 
be remembered that many characters lie latent in all oiganic 
beings ready to be evolved under fitting conditions; and in breeds 
modified within recent times the tendency to reversion is parti- 
cularly strong. But the antiquity of various breeds clearly proves 
that they remain nearly constant as long as their conditions of 

It has been boldly maintained by some authors that the 
amount of variation to which our domestic productions are liable 
is strictly limited; but this is an assertion resting on little 
evidence. Wliether or not the amount in any particular direc- 
tion is fixed, the tendency to general variability seems unlimited. 
Cattle, sheep, and pigs have been domesticated and have varied 
from the remotest period, as shown by the researches of Enti- 
meycr and others, yet these animals Iiave, within quite recent 
times, been improved in an unparalleled degree ; and this im- 
plies continued variability of structure. Wheal, as we know 
from the remains found in the Swiss lake-habitations, is one of 
the most anciently cultivated plants, yet at the present day new 
and better varieties occasionally arise. It may be that an ox 
will never bo produced of larger size or finer proportions than 
our present animals, or a race-horse fleeter than Eclipse, or a 
gooseberry larger than the London variety; but he would be 
a bold man who would assert that the extreme limit in these 
respects has been finally attained. With flowers and fruit it 
has repeatedly been asserted that perfection has been reached, 
but the standard has soon been excelled. A breed of pigeons 
may never be produced with a beak shorter than that of the 
present short-faced tumbler, or with one longer than that of the 
English carrier, for these birds have weak constitutions and are 
bad breeders; but the shortness and length of the beak are the 
points which have been steadily improved during at least the 
last 150 years ; and some of the best judges deny that the goal has 
yet been reached. AVe may, also, reasonably suspect, from what 
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we see in natural species of the variability of extremely modified 
parts, that any structure, after remaining constant during a lono' 
seriM of generations, would, under new and changed conditioM 
of life, recommence its course of variability, and might acain 
be acted on by selection. Nevertheless, as Mr. Wallace’ has 
recently remarked with much force and truth, there must bo 
both with natural and domestic productions a limit to change in 
certain directions; for instance, there must be a limit to the 
fleetness of any terrestrial animal, as this wUl bo determined by 
the friction to bo overcome, the weight to be carried, and the 
power of contraction in the muscular fibres. The En-rligh race 
horse may have reached this limit; but it already surpasses in 
fleetness its own wild progenitor, and all other equine secies 
It IS not surprising, seeing the great difference between many 
domestic breeds that some few naturalists have concluded that 
all are defended from distinct aboriginal stocks, more especially 
ns the principle of selection has been ignored, and the high 
antiquity of man. as a breeder of animals, has only recently 
become known. Most naturalists, however, freely admit that 

sZr'uf’T.u descended from a single 

stock, although they do not know much about the art of breeding 
cannot show the connecting links, nor say where and when tlie’ 
nreeds arose. Yet these same naturalists will declare, with an 
air of philosophical caution, that they can never admit that one 
natural secies has given birth to another until they behold all 
e transitional steps. But fanciers have used exactly the same 
language with respect to domestic breeds ; thus mi author of an 
excellent treatise says he will never allow that carrier and fantail 
pigeoM are the descendants of the wild rock-pigeon, until the 
transitions have ‘‘ actually been observed, and con be repeated 
^ whenever man chooses to set about the task.” No doubt it is 
cliflicult to realise that slight changes added up during lon<^ 
centuries can produce such results; but he who wishes to 
un ers n the origin of domestic breeds or natural species must 
overcome this difficulty. 

govemuig variability have 
o e y discussed, that I need here only enumerate the 
eai ing points. As domesticated organisms are much moro 
VOL II * Joanml of Scie nce.’ Oct. 1SC7, p. 4S0. 
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liable to slight deviations of structure and to monstrosities, than 
species living under their natural conditions, and ns widely- 
ranging species vary more than those which inhabit restricted 
areas, we may infer that variability mainly depends on changed 
conditions of life. We must not overlook the effects of the 
unequal combination of the characters derived from both parent^, 
nor reversion to former progenitors. Changed conditions have 
an especial tendency to render the reproductive organs more 
or less impotent, as shown in the chapter devoted to this sub- 
ject ; and these organs consequently often fail to transmit faith- 
fully the parental characters. Changed conditions also act 
directly and definitely on the organisation, so that all or nearly 
all the individuals of the same species thus exposed become 
modified in the same manner; but why this or that part is 
especially affected we can seldom or never say. In most cases, 
however, of the direct action of changed conditions, independ- 
ently of the indirect variability caused by the reproductive 
organs being affected, indefinite modifications are the result; in 
nearly the same manner as exposure to cold or the absorption 
of the same poison affects different individuals in various ways. 
We have reason to suspect that an habitual excess of highly 
nutritious food, or an excess relatively to the wear and tear of 
the organisation from exercise, is a powerful exciting cause of 
variability. When we see the symmetrical and complex out- 
growths, caused by a minute atom of the poison of a gall-insect, 
we may believe that slight changes in the chemical nature of 
the sap or blood would lead to extraordinary modifications 
of structure. 

The increased use of a muscle with its various attached parts, 
and the increased activity of a gland or other organ, lead to their 
increased development. Disuse has a contrary effect. Witlj 
domesticated productions organs sometimes become rudimentary 
through abortion ; but we have no reason to suppose that this 
has ever followed from mere disuse. With natural species, on 
the contrary, many organs appear to have been rendered rudi- 
mentary through disuse, aided by the principle of the economy 
of growth, and by the hypothetical pi-inciple discussed in the 
last chapter, namely, the final destruction of the germs or gem- 
mules of such useless parts. This difference may be partly 
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accounted for by cbsuse having acted on domestic forms for 
an msufflcent length of time, and partly from their exemption 
from any severe struggle for existence, entailing rigid economy 
m the development of each part, to which all species under 
nature are subjected. Nevertheless the law of comi>ensation or 

W e must not ex^gerate the importance of the definite action 
of changed conditions in modifying all the individuals of the 
same species in the same manner, or of use and disuse As 
every part of the organisation is highly variable, and as varia- 
consciously and unconsciously, 
t IS very difficult to distmguish between the efl^ects of the selef- 

dit onyf life. For instance, it is possible that the feet of our 
waterlogs, and of the American dogs which have to travel much 
over the snow, may have become partially webbed from the 
shmnlus of ^dely extending their toes; but it is far more probable 
1 ^!™® ’■‘'I the membrane between the toes of certain 

^ appeared and was afterwards increased 
serv^ “d the best snow-travellem being pre- 

Bejed during many generations. A fancier who wished to 
decrease the size of his bantams or tumbler-pigeons would never 
them, but would select the smallest indi- 
w! J '"a ^“taneously appeared. Quadrupeds are some- 

a^fil to believe that this is caused by 

lose their fl the tropics heat often causes sheep to 

iTecf T °ther hand wet and cold act I a 

vearlv cham/e S / merely be an exaggeration of the regular 

this yeariy ^hangror £ 

I mav add tbpir^ v* , of arctic animals, or as 

severe climate !i n*® to the direct action of a 

tected individ^Xdi Ibn ‘he best pre- 

Of all the Inn, ^ “ succession of generations? 

the mo t flnT r®T™”^ ""™^tlity, that of correlation is 

01 grave monstrosities, we cannot even 

2 E 2 
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conjecture what is the nature of the bond of connexion. But 
between homologous parts — ^between the fore and hind limbs — 
between the hair, hoofs, horns, and teeth— we can see that parts 
which are closely similar during their early development, 
and which are exposed to similar conditions, would be liable to 
be modified in the same manner. Homologous parts, from 
having the same nature, are apt to blend together, and, when 
many exist, to vary in number. 

Although every variation is either directly or indirectly caused 
by some change in the surrounding conditions, we must never 
foi^et that tlie nature of the organisation which is acted on essen- 
tially governs the result. Distinct organisms, when placed under 
similar conditions, vary in different manners, whilst closely-allied 
organisms under dissimilar conditions often vary in nearly the 
same manner. We see this in the same modification frequently 
reappearing at long intervals of time in the same variety, and 
likewise in the several striking cases given of analogous or paral- 
lel varieties. Although some of these latter cases are simply 
due to reveision, others cannot thus be accounted for. 

From the indirect action of changed conditions on the or- 
ganisation, through the impaired state of the reproductive 
organs — from the direct action of such conditions (and this will 
cause the individuals of the same species either to vary in the 
same manner, or differently in accordance with slight differences 
in their constitution) — from the effects of the increased or de- 
creased use of parts, — and from congelation, — the variability of 
our domesticated productions is complicated in on extreme 
degree. The whole organisation becomes slightly plastic. Al- 
though each modification must have its proper exciting cause, 
and though each is subjected to law, yet we can so rarely trace 
the precise relation between cause and effect, that we are tempted 
to speak of variations as if they spontaneously arose. We may 
even call them accidental, but this must be only in the sense 
in which we say that a fragment of rock dropped from a height 
owes its shape to accident. 

It may be worth while briefly to consider the results of the 
exposure to unnatural conditions of a large number of animals of 
the same species, allowed to cross freely, with no selection of any 
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kind ; and afterwards to consider the results when selection is 
brought into play. Let us suppose that 500 wild rock-pigeons were 
confined in theft native land in an aviary, and fed in the same 
manner as pigeons usually are ; and that they were not allowed 
to increase in number. As pigeons propagate so rapidly, I sup- 
pose that a thousand or fifteen hundred birds would have to be 
annually killed by mere chance. After several generations had 
been thus reared, we may feel sure that some of the young 
birds would vary, and the variations would tend to be inhe- 
rited; for at the present day slight deviations of structure often 
occur, but, as most breeds are already well established, these 
modifications are rejected as blemishes. It would be tedious 
even to enumerate the multitude of points which still go on 
varying or have recently varied. Many variations would occur 

in correlation, as the length of the wing and tail feathers the 

number of the primary wing-feathers, as well as the number and 
breadth of the ribs, in correlation with the size and form of the 

body — the number of the scntellie, with the size of the feet 

the length of the tongue, with the length of the beak — the size 
of the nostrils and eyelids and the form of lower jaw in 
correlation with the development of wattle— the nakedness of 
the young with the future colour of the plumage — the size 
of the feet and beak, and other such points. Lastly, as our 
birds ai-e supposed to be confined in an aviary, they would use 
their wings and legs but little, and certain parts of the ske- 
leton, such as the sternum and seapulm and the feet, would in 
cgnsequence become slightly reduced in size. 

As in our assumed case many birds have to be indiscrimi- 
nately killed every year, the chances are against any new 
variety surviving long enough to breed. And as the variations 
which arise are of an extremely diversified nature, the chances 
are very great against two birds pairing which have varied in 
the same manner ; nevertheless, a varying bird even when not 
thus paired would occasionally transmit its character to its young ; 
and these would not only be exposed to the same conditions which 
first caused the variation in question to appear, but would in addi- 
tion inherit from their one modified parent a tendency again to 
vary in the same manner, fjo that, if the conditions decidedly 
tended to induce some particular variation, all the birds might 
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in the course of time become similarly modified. But a far 
commoner result would be, that one bird would vary in one 
way and another bird in another way ; one would be born with 
a little longer beak, and another with a shorter beak ; one would 
gain some black feathers, another some white or red feathers. 
And as these birds would be continually intercrossing, the final 
result would be a body of individuals differing from each other 
slightly in many ways, yet far more than did the original rock- 
pigeons. But there would not bo the least tendency to the 
formation of distinct breeds. 

If two separate lots of pigeons were to be treated in the 
manner just described, one in England and the other in a 
tropical country, the two lots being supplied with different food, 
would they, after many generations had passed, differ ? ^\'hen 
we reflect on the cases given in the twenty-third chapter, and 
on such facts ns the difference in former times between the 
breeds of cattle, sheep, &c., in almost every district of Europe, 
we are strongly inclined to admit that the two lots would be 
differently modified through the influence of climate and food. 
But the evidence on the definite action of changed condi- 
tions is in most cases insufficient ; and, with respect to pigeons, 
I have had the opportunity of examining a large collection of 
domesticated birds, sent to mo by Sir W. Elliot from India, 
and they varied in a remarkably similar manner with our 
European birds. 

If two distinct breeds were to be confined together in e(iual 
numbers, there is reason to suspect that they would to a certain 
extent prefer pairing with their own kind; but they would like- 
wise intercross. From the greater vigour and fertility of the 
crossed offspring, the whole body would by this means become 
interblendcd sooner than would otherwise have occurred. From 
certain breeds being prepotent over others, it does not follow 
that the interblendcd progeny would be strictly intermediate 
in character. I have, also, proved that tho act of crossing in 
itself gives a strong tendency to reversion, so that the crossed 
offspring would tend to revert to the state of the aboriginal 
rock-pigeon. In tho course of time they would probably be 
not much more heterogeneous in character than in our first 
case, when birds of the same breed were confined together. 
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I hare just said that the crossed offspring would gain in 
%-igour and fertility. From the facts given in the seventeenth 
chapter there can be no doubt of this; and there can be 
little doubt, though the evidence on this head is not so easily 
acquired, that long-continued close interbreeding leads to evil 
results. With hermaphrodites of all kinds, if the sexual ele- 
ments of the same individual habitually acted on each other, 
the closest possible interbreeding would bo perpetual. There- 
fore we should bear in mind that with all hermaphrodite 
animals, as far as I can learn, their structure permits and 
frequently necessitates a cross with a distinct individual. With 
hermaphrodite plants we incessantly meet with elaborate and 
perfect contrivances for this same end. It is no exaggeration 
to assert that, if the use of the talons and tusks of a carnivorous 
animal, or the use of the viscid threads of a spider’s web, or of 
the plumes and hooks on a seed may be safely inferred from 
their structure, we may with equal safety infer that many flowers 
ore consti-ucted for the express purpose of ensuring a cross with 
a' distinct plant. From these various considerations, the con- 
clusion arrived at in the chapter just referred to — namely, that 
great good of some kind is derived from the sexual concourse of 
distinct individuals — must be admitted. 

To return to our illustration ; we have hitherto assumed that 
the birds were kept down to the same number by indiscriminate 
slaughter ; but if the least choice be permitted in their preser- 
vation and slaughter, the whole result will bo changed. Should 
the owner observe any slight variation in one of his birds, 
and wish to obtain a breed thus characterised, he would succeed 
in a surprisingly short time by carefully selecting and pairing 
the young. As any part which has once varied generally goes 
on varying in the same direction, it is easy, by continually pre- 
serving the most strongly marked individuals, to increase the 
amount of difference up to a high, predetermined standard 
of excellence. This is methodical selection. 

If the owner of the aviary, without any thought of making 
a new breed, simply admired, for instance, short-beaked more 
than long-beaked birds, he would, when he had to reduce the 
number, generally kill the latter; and there can be no doubt 
that he would thus in the course of time sensibly modify' his 
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if “en were to Iceep pigeons 
and act m tins manner, that they would prefer exaeJly the 
same characters ; they would, as we know, often prefer directly 
opiate charactei-s, and the two lots would ultimately come 
to differ. Tins has actually occurred with strains or families 
of eattle, sheep and pigeons, which have been long kept and 
care.ully attended to by different breeders without any wish 
on their part to form new and distinct sub-breeds. This uncon- 
seious kind of selection will more especially come into action 
with animals which are highly serviceable toman; for everyone 
tries to get the best dog, horse, cow, or sheep, and these animals 
will transmit more or less surely their good qualities to their 
offspring. Hardly any one is so careless as to breed from his 
worst animals. Even savages, when compelled from extreme 
want to kill some of their animals, would destroy the woi-st and 
preserve the best. With animals kept for use and not for mere 
amusement, different fashions prevail in different districts, 
lading to the preservation, and consequently to the transmis- 
sion, of all sorts of trifling peculiarities of character. The same 
process will have been pui-sued with our fruit-trees and vege- 
tables, for the best will always have been the most largely cul- 
tivated, and will occasionally have yielded seedhngs better than 
their parents. 

The different strains, just alluded to, which have been raised 
by different breeders without any wish for such a result, and the 
unintentional modification of foreign breeds in their new homes, 
lioth afford excellent evidence of the power of unconscious 
selection. This form of selection has probably led to far more 
important results than methodical selection, and is likewise more 
important under a theoretical point of view from closely resem- 
bling natural selection. For during this process the best or most 
valued individuals are not separated and prevented ci-ossing 
with others of the same breed, but are simply preferred and 
preserved ; but this inevitably leads during a long succession 
of generations to their increase in number and to their gradual 
improvement ; so that finally they prevail to the exclusion of 
the old parent-form. 

With our domesticated animals natural selection check's 
the production of races with any injurious deviation of struc- 
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ture. In the case of animals kept by savages and semi-eivilised 
people, which have to provide largely for their own wants under 
different circumstances, natural selection will probably play a 
more important part. Hence such animals often closely re- 
semble natural species. 

As there is no limit to man’s desire to possess animals and 
plants more and more useful in any respect, and as the fancier 
always wishes, from fashion running into extremes, to produce 
each character more and more strongly pronounced, there is a 
constant tendency in every breed, through the prolonged action 
of methodical and unconscious selection, to become more and 
more different from its parent-stock ; and when several breeds 
have been produced and are valued for different qualities, to 
differ more and more from each other. This leads to Divergenco 
of Character. As improved sub-varieties and races are slowly 
formed, the older and less improved breeds are neglected and 
decrease in number. When few individuals of any breed exist 
within the same locality, close interbreeding, by lessening their 
vigour and fertility, aids in their final extinction. Thus the 
intermediate links are lost, and breeds which have already 
diverged gain Distinctness of Character. 

In the chapters on the Pigeon, it was proved by historical 
details and by the existence of connecting sub- varieties in distant 
lands that several breeds have steadily diverged in character, 
and that many old and intermediate sub-breeds have become 
extinct. Other cases could be adduced of the extinction of do- 
mestic breeds, as of the Irish wolf-dog, the old English hound, 
and of two breeds in France, one of which was formerly highly 
valued.* Mr. Pickering remarks® that “the sheep figured on 
the most ancient Egyptian monuments is unknown at the pre- 
‘ sent day ; and at least one variety of the buUoek, fonnerly 
“ known in Egypt, has in like manner become extinct” So it 
has been with some animals, and with several plants cultivated 
by the ancient inhabitants of Europe during the neoUthio period. 
In Peru, Yon Tschudi ® found in certain tombs, apparently prior 
to the dynasty of the Incas, two kinds of maize not now known 
in the country. With our fiowers and culinary vegetables, 

• IL Kofi; do Lavison. in ‘ Bull. Boo. Imp. d'Acclimat.,' Deo. 1862. p. 1009. 

‘ Kaoes of Man,’ 1850, p. 315. • ‘ Travels in Pom,’ Eng. tmnslat, p. 177. 
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the production of new varieties and their extinction has in- 
cessantly recurred. At the present time improved breeds some- 
times displace at an extraordinarily rapid rate older breeds ; 
ns has recently occurred throughout England with pigs. The 
Long-horn cattle in their native home were “suddenly swept 

away as if by some murderous pestilence,” by the introduction 
of Short-horns.' 

What grand results have followed from the long-continued 
action of methodical and unconscious selection, checked and 
regulated to a certain extent by natural selection, is seen on 
eveiy side of us. Compare the many animals and plants which 
are displayed at our exhibitions with their parent-forms when 
these are known, or consult old historical records with respect 
to their former state. Almost all our domesticated animals 
have given rise to numerous and distinct races, excepting those 
which cannot be ea.sily subjected to selection — such as cats, the 
cochineal insect, and the hive-bee, — and excepting those animals 
which are not much valued. In accordance with what we know 
of the process of selection, the formation of our many races has 
been slow and gradual The man who first observed and pre- 
served a pigeon with its oesophagus a little enlarged, its beak a 
little longer, or its tail a little more expanded than usual, never 
dreamed that he had made the first step in the creation of the 
pouter, carrier, and fantail-pigeon. Man can create not only 
anomalous breeds, but others with their whole structure ad- 
mirably co-ordinated for certain purposes, such as the race-horse 
and dray-horse, or the greyhound. It is by no means necessaiy 
that each small change of structure throughout the body, leading 
towards excellence, should simultaneously arise and be selected. 
Although man seldom attends to differences in organs which 
are important under a physiological point of view, yet he has 
so profoundly modified some breeds, that assuredly, if found wild, 
they would be ranked under distinct genera. 

The best proof of what selection has effected is perhajis 
afforded by the fact that whatever part or quality in any 
animal, and more especially in any plant, is most valued by 
man, that part or quality differs most in the several races. 
This result is well seen by comparing the amount of difierenco 

' YoubU on Cattle, 1834, p 200 : on Pigs, sa • Gnrd. Cliioniclc,' 1854, p. 410. 
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between the fruits produced by the varieties of the same fruit- 
tree, between the flowers of the varieties in our flower-garden, 
between the seeds, roots, or leaves of our culinary and agricul- 
tural plants, in comparison with the other and not valued parts 
of the same plants. Striking evidence of a different kind is 
afforded by the fact ascertained by Oswald Heer,” namely, that 
the seeds of a large number of plants, — wheat, barley, oats, peas, 
beans, lentils, poppies, — cultivated for their seed by the ancient 
Lake-inhabitants of Switzerland, were all smaller than the seeds 
of our existing varieties. Eiitimeyer has shown that the sheep 
and cattle which were kept by the earlier Lake-inhabitants were 
likewise smaller than our present breeds. In the middens of 
Denmark, the earliest dog of which the remains have been 
found was the weakest ; this was succeeded during the Bronze 
age by a stronger kind, and this again during the Iron age by 
one still stronger. The sheep of Denmark during the Bronze 
period had extraordinarily slender limbs, and the horse was 
smaller than our present animal.* No doubt in these cases the 
new and larger breeds were generally introduced from foreign 
lands by the immigration of new hordes of men. But it is not 
probable that each larger breed, which in the course of time 
supplanted a previous and smaller breed, was the descendant 
of a distinct and larger species; it is far more probable that 
the domestic races of our various animals were gradually im- 
proved in different parts of the great Europaso-Asiatic conti- 
nent, and thence spread to other countries. This fact of the 
gradual increase in size of our domestic animals is all the more 
striking as certain wild or half-wild animals, such as red-deer, 
aurochs, park- cattle, and boars,** have within nearly the same 
period decreased in size. 

The conditions favourable to selection by man are, — the 
closest attention being paid to every character, — long-continued 
perseverance, — facility in matching or sepai’ating animals, — and 
C3i)Mially a large number being kept, so that the inferior 
individuals may be freely rejected or destroyed, and the better 
ones preserved. When many are kept there will also be a 
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greater cliaiico of the occurrence of well-marked deviations of 
structure. Length of time is all-important; for as each cha- 
racter, in order to become strongly pronounced, has to bo 
augmented by the selection of successive variations of the same 
nature, this can only be effected during a long series of gene- 
rations. Length of time will, also, allow any new feature to 
become fixed by the continued rejection of those individuals 
which revert or vary, and the preservation of those which inherit 
the new character. Hence, although some few animals have 
varied rapidly in certain respects under new conditions of life, 
as dogs in India and sheep in the West Indies, yet all the 
animals and plants which have produced strongly marked 
races were domesticated at an extremely remote epoch, often 
before the dawn of history. As a consequence of this, no record 
has been preserved of the origin of our chief domestic breeds. 
Even at the present day new strains or sub-breeds are formed 
so slowly that their first appearance passes unnoticed. A man 
attends to some particular character, or merely matches his 
animals with unusual care, and after a time a slight difference is 
perceived by his neighbours the difference goes on being aug- 
mented by unconscious and methodical selection, until at last a 
new sub-breed is formed, receives a local name, and spreads ; but, 
by this time, its history is almost forgotten. When the new 
breed has spread widely, it gives rise to new strains and sub- 
breeds, and the best of these succeed and spread, supplanting 
other and older breeds ; and so always onwards in the march of 
improvement. 

When a well-marked breed has onee been established, if not 
supplanted by still improving sub-breeds, and if not exposed to 
greatly changed conditions of life, inducing further variability 
or reversion to long-lost characters, it may apparently last for 
an enormous period. We may infer that this is the case from the 
high antiquity of certain races ; but some caution is necessary 
on this head, for the same variation may apjiear independently 
after long intervals of time, or in distant places. We may safely 
assume that this has occurred with the tumspit-dog which is 
figured on the ancient Egyptian monuments, with the solid- 
hoofed swine " mentioned by Aristotle, with five-toed fowls dc- 
■' Godron, ‘ Do I’Esptcc,’ tom. i„ 1859, p. 3C8. 
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scribed by Columelliv, and certainly with the nectarine. The dogs 
represented on the Egyptian monuments, about 2000 n.c., show 
us that some of the chief breeds then existed, but it is extremely 
doubtful whether any are identically the same with our present 
breeds. A great mastiff sculptured on an Assyrian tomb, 640 b.c., 
is said to bo the same with the dog still imported into the same 
region from Thibet. The true greyhound existed during the 
Roman classical period. Coming down to a later period, wo 
have seen that, though most of the chief breeds of the pigeon 
existed between two and three centuries ago, they have not 
all retaine)j[ to the present day exactly the same character; but 
this has occurred in certain cases in which improvement was 
not desired, for instance in the case of the Spot or the Indian 
ground-tumbler. 

De Candolle '* has fully discussed the antiquity of various 
races of plants; ho states that the black-seeded poppy was 
known in the time of Homer, the white-seeded sesamum by the 
ancient Egyptians, and almonds with sweet and bitter kernels 
by the Hebrews ; but it does not seem improbable that some of 
these varieties may have been lost and reappeared. One variety 
of barley and apparently one of wheat, both of which were cul- 
tivated at an immensely remote period by the Lake-inhabitants 
of Switzerland, still exist. It is said '* that “ specimens of a 
“ small variety of gourd which is still common in the market 
“ of Lima were exhumed from an ancient cemetery in Peru.” De 
Candolle remarks that, in the books and drawings of the sixteenth 
century, the principal races of the cabbage, turnip, and gourd 
can be recognised ; this might have been expected at so late a 
period, but whether any of these plants are absolutely identical 
with our present sub-varieties is not certain. It is, however, 
said that the Brussels sprout, a variety which in some places 
is liable to degeneration, has remained genuine for more than 
four centuries in the district where it is believed to have 
originated.'* 

In accordance with the views maintained by me in tliis work 
and elsewhere, not only the various domestic races, but the 

" ‘ G&grapMe Bolan.,’ 1855, p. 989. i< ■ Journal of a HotUcuEuml Tour,’ 

“ Pickering, ‘ Boecs of Man,’ 1850, by a Deputation of tUe Caledonian Hist. 
P- *18. 1823, p. 293. 
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most distinct genera and orders within the same great class, — 
for instance, whales, mice, birds, and fishes — are aU the descend- 
ants of one common progenitor, and we must admit that the 
whole vast amount of difference between these forms of life has 
primarily arisen from simple variability. To consider the sub- 
ject under this point of view is enough to strike one dumb 
with amazement. But our amazement ought to ho lessened 
when we reflect that beings, almost infinite in number, during 
an almost infinite lapse of time, have often hod their whole 
organisation rendered in some degree plastic, and that each 
slight modification of structure which was in any \jpy benefi- 
cial under excessively complex conditions of life, will have 
been preserved, whilst each which was in any way injurious 
will have been rigorously destroyed. And the long-continued 
accumulation of beneficial variations will infallibly lead to 
structures as diversified, as beautifully adapted for various 
purposes, and as excellently co-ordinated, as we see in the 
animals and plants all around us. Hence I have spoken of 
selection as the paramount power, whether applied by man to 
the formation of domestic breeds, or by nature to the produc- 
tion of species. I may recur to the metaphor given in a former 
chapter : if an architect were to rear a noble and commodious 
edifice, without the use of cut stone, by selecting from the 
fragments at the base of a precipice wedge-formed stones 
for his arches, elongated stones for his lintels, and flat stones for 
his roof, we should admire his skill and regard him as the 
paramount power. Now, the fragments of stone, though indis- 
jiensable to the architect, bear to the edifice built by him the 
same relation which the fluctuating variations of each organic 
being bear to the varied and admirable structures ultimately 
acquired by its modified descendants. 

Some authors have declared that natural selection explains 
nothing, unless the precise cause of each slight individual dif- 
ference be made clear. Now, if it were explained to a savage 
utterly ignorant of the art of building, how the edifice had been 
raised stone upon stone, and why wedge-formed fragments were 
used for the arches, flat stones for the roof, &c . ; and if the use 
of each part and of the whole building were pointed out, it 
would be unreasonable if he declared that nothing had been 
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made clear to liira, because the precise cause of the shape 
of each fragment could not be given. But this is a nearly 
parallel case with the objection that selection explains nothino- 
because we know not the cause of each individual difference in 
the structure of each being. 

The shape of the fragments of stone at the base of our pre- 
cipice may be called accidental, but this is not strictly correct ; 
for the shape of each depends on a long sequence of events, all 
obeying natural laws; on the nature of the rock, on the lines 
of deposition or cleavage, on the form of the mountain which 
depends on its upheaval and subsequent denudation, and lastly 
on the storm or earthquake which threw down the fragments. 
But in regard to the use to which the fragments may be put, 
their shape may be strictly said to be accidental. And hero 
we are led to face a great difficulty, in alluding to which I am 
aware that I am travelling beyond my proper province. An 
omniscient Creator must have foreseen every consequence which 
results from the laws imposed by Him. But can it bo reasonably 
maintained that the Creator intentionally ordered, if we use 
the words in any ordinary sense, that certain fragments of rock 
should assume certain shapes so that the builder might erect 
hie edifice? If the various laws which have determined the 
shape of each fragment were not predetermined for the builder’s 
sake, can it with any greater probability bo maintained that 
He specially ordained for the sake of the breeder each of tho 
innumerable variations in our domestic animals and plants;— 
many of these variations being of no service to man, and not 
beneficial, far more often injurious, to the creatures themselves? 
Did He ordain that the crop and tail-feathers of the pigeon 
should vary in order that the fancier might make his grotesque 
pouter and fantail breeds ? Did Ho cause the frame and mental 
qualities of the dog to vary in order that a breed might be 
formed of indomitable ferocity, with jaws fitted to pin down tho 
u or man s brutal sport ? But if we give up the principle 
in one ease,— if we do not admit that the variations of the pri- 
meval dog were intentionally guided in order that the grey- 
oun , or instance, that perfect image of symmetry and 
yigoijr, might bo formed,-no shadow of reason can be assigned 
for tho belief that variations, aUke in nature and tho result 
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of the same general laws, which have been the groundwork 
through natural selection of the formation of the most per- 
fectly adapted animals in the world, man included, were inten- 
tionally and specially guided. However much we may wish 
it, we can hardly follow Professor Asa Gray in his belief "that 
" variation has been led along certain beneficial lines," like n 
stream “ along definite and useful lines of irrigation.” If wo 
assume that each particular variation was from the beginning 
of all time preordained, the plasticity of organisation, which 
loads to many injurious deviations of structure, as well as that 
redundant power of reproduction which inevitably leads to a 
struggle for existence, and, as a consequence, to the natural 
selection or survival of the fittest, must appear to us superfluous 
laws of nature. On the other hand, an omnipotent and omni- 
scient Creator ordains everything and foresees everything. 
Thus we are brought face to face with a difficulty as insoluble 
as is that of free will and predestination. 
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from symmotiy, 12; of polydactylisni, 
12-16; capriciousness of, 17-22, 27; 
of mutilations. 22-24; of congenital 
raonstrorfties, 24 ; causes of absence of, 

its connexion with fixedness of charac- 
ter, 62-64 ; affected by prepotency of 
transmission of character,65-71; limited 
by sex, 71-75; at corresponding pe- 
riods of life, 75-80 ; summary of Uie 
subje^of, ^-84; laws of, the same in 

characters in the horse, i. 10-11 ; in 
cattle, L 87: iri rabbits, i 107; in the 

m plums, i. 347°: in*appies, bVsO; in 
pears, i. 851 ; in the pansy, i. 369 ; of 
primary characters of Columba Una in 
ciossod pigeons, i. 201 ; of peculiarities of 
plumnge in pigeons,! 160-161; of pecu- 
liarities of foliage in trees, i. 362 ; effects 
o^ in varieties of tlie cabbage, i. 325. 

Insanity, inheritance of, ii. 7, 78. 

Insects, regeneratira of lost ports iu, ii. 
15, 294; agency of, in fecundation of 
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186-187 ; monstro«itic8 in, il. 269. 
•391. 

9T1.VCT8, defective, (rf silkworme, i. 



1 vnsitBiiEEDU.G, cloee,ill cflfccte of,ii. 11 



»f sp^ee of Canids and bn 



;; of domostio and wild 

cote. i. 44-45 ; of brecda of pigs, i. 71, 
78 : of cattle, i. 83 : of varieties of cab- 
bage, I 324 : of peas, i. 326, 829-330; 
of varieties of orange, i. 336 ; of spedcs 
of strawberries, i. 351-352; of Cucur- 
biUe, L 357-358 ; of flowering plants, i. 




368. 



iNTEftniGlTAL pits, in goats, i. 102. 

ii, 122-123. 

3n of; in pigs, L 73 
lente of parte ot i 



/onj;i/ron8 fottnd in, i. oi. 

T — *^--editary absence of 



hereditary peniliaritiea of colour of the, 

Irish, ancient, selection practised by the, 
ii. 203. 

Iqok period, in Europe, dog of. 



rcity of useful plants 



kvour of selection, 
in, during the 



^ ii. 233-234. 
bronze peric^. : 

Ivy, sterility of; in the nortli of Eure 
ii. 170. 

Jack, Mr., cf&ct of foreign pollen 
CTaoea, i. 400. 

L, L 24, 27. 30; hybrids of. wi 

dog,i.«*> 

d(^, u. 67. 



he d(^, i. 32 ; prepotency ot; ova 
,i.l54, 208. 



snnfish-liko variety of the goldfisli, i. 

Jerpok, J. C.. number of enrs laid by the 
ii no. . 1 . 



Jersey, arborescent cabbages of, i. 323. 

Jeittelks, Hungarian slieep-dogs. i. 24; 

crossing of domestic and wild cate, i. 44. 
John, King, importation of stallions from 
FJanders by, ii. 203. 

Johnson, D., occunenoe of stripes on 
young w ild pigs in India, i. 76. 



the apple, i. 350; varieties o 
found wild in woods, U. 260. 
Tourpan, parthenogenesis in th 



JcAN PK Nova, wild dogs on, i 27. 

Juan Febnanpez, dnmb dogs on, i. 27. 
Juglans regia, i. 350-357. 

Jukes, l*rof., origin of the Nevrfoundland 



luLiEN, Stanislas, early domestication of 
pigs in China, L 68 ; antiquity of tlie 
domestication of the silk -worm in 
China, L3( 



of fowls, i. : 
UNITER, variations of the, L 
untperus stcecioo, i. 361. 



Kales, L 32,^. 

Kalm. l\, on maize, i. 822, ii. 307; in- 
troduction of wliout into Canada, i. 
. 315; sterility of trees ^wing in 

marshes and dense wood^ ii. 170. 
j **Kai.mi Lotan,” tumbler pigeon, i. 151. 
Kane, Dr., on Esquimaux dogs, i. 21. 



of; i. 77 ; feral rabbits of, i. 112. 



Japanese pig (figured), i. 69. 

J ARPWE, Sir W.^ crossing domestic and 

wlj^rorm in the Sandwich 

Java, Funtail pigeon in, i. 148. 

Javanb^ ponies, !. 53, 59. 

JiiNYNs, L., whiteness of ganders, I 288 ; 



Kattywar horses, i. — 

Keeley, B., polorism in Galeobdolon 

Keener on the culture of Alpine plants. 



, Kj^trel, breeding in captivity, ii. 154, 

, “KHANpfcsL’M. 141. 

I KHANa-Bi, selection of a variety of rico 

I ^by.ii, — 



IviPD, on the canary bird, i. 77, ii. 275. 
Kidney Ikan, i 371 ; \-urieties of, ii 
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tremi'8. ii. 239-242; i»Mible limit of, 
ii. 242; influence of time on. ii. 243- 
244 ; sunimaiT of subject, ii. 24G-249 ; 
cflecte of, in modifying breeds of cattle, 
i. 92, 93; in preserving the purity of 
■ — -'slieep, i. 99-100 ; in,produ“ — 



varieties of pigeons, i. 213-218; in breed- 
ing fowls, L S32-233 ; in tlie goose, i. 



213-2^8; in broed- 

flA, i. 296; in the ^kworm, i. ^OO- 
801 ; contrasted in cableges and cerools. 
i 328; in tl.e wtiite mulberry, i. 834; 
on gooseberries, i. 350 ; applied to wlieat, 
i. 317-318; exemplifled in carrots, &c., 
i. 326; in the potato, i. 331 ; in the 



mate and pasture, i. 96, 97; periods of 
gestation of, i. 97 ; efil-ct of beat on the 
fleece of, L 98-99, ii. 278 ; uflect of 
selection on, i. 99-101; “ancon” or 
“otter” breeds of, i. 17, 92, 100; 
" Mauchnnip-racrino,” i. 100-101 ; cross 
of German and merino, ii. 85-89 ; black, 
of the TarOTtino. ii. 227; Karakool, 
11 . 278 ; Juflfna, wiili callosities on the 
I, ii. 802 ; Chinese, ii. 315 ; Danisli, 



of^thc bronze^riocl, ii. 427;’polydac 
of horns in homlere b^s^of, ii. M 



rad-varieties of plants, i. ■ 



trations of, ii. 421-428. 

Selection, sexual, ii. 75. 

Self-iufotenoe in plants, ii. 131-140 ; in ' 
individual plants, ii. 136-138; of hy- 
brids, ii. 174. 



of male, on oflspring, ii. 68 ; ’sexual dif- 
ferences in. ii. 73 ; influence of crossing 
or 8<*rogoUon on, ii. 86, 95-96, 102- 
103; interbreeding of, ib 119-120; 
effect of nourishment on the fertility 
of, ii. 111-112 ; diminished fertility of. 



liii conditions, 
selection in breeds of. 



. 161 ; m 



SELTS-LosacHAMps, on hybrid ducks, i. 
190, ib 46. 157; hybrid of the hook- 
billed duck and Egyptian goose, b 282. 
Sebinoe, on the St. Valery apple, i. 350. 



!8, Olivier de, wild poultry in Gtti- 
, i. 237. 

lUM, white-seeded, antiquity of the, 

d, found in the Swiss lake-dwell- 
s. b 317. 

;r 8, degeneration of, in India, i. 38; 



_ 225,227; 

iofbonesin,ii.242; individual 

difii rences of, ii. 251 ; local changes 
in the fleece of, in England, ii. 278 ; 
partial degeneration of, in Australia, 
li 278; with numerous horns, ii. 291; 
correlation ofhornsand fleece in,ii. 326 ; 
feeding on^flMh, ii. 303; at ■' '• 






brids, ii. 267. 

Sexual characters, sor 
domestieatiorL ii. 74. 



ii. 305-306; 

or, lo severe weather, u. 312; w 
gouoned by Hypericum cTitpwa 

IEEE dogs resembling wolves, b 24. 

lELLS, sinistrul and del 

lEBIEF, Mr. 1 
315, 817; on 



varieties of wheat, i. 
.ossing whcab u. 104- 



Sexual peculiarities, induced by domes- 



r- .„-aced by do 

' i^^?’b2&.2w!°*’’’' 

ariabUity in pigeons, i. 



Shirlky, E. P., I ^ 

108, 120. 

Short, D., hybrids of the domestic cal 
and FdU omata, i. 45. 

Si^RiA, northern range of wild horses in, 



Shaddock, i. 33.5. 

Mr., on tUe mosa-rose, i, 379- 
Shanghai fowls, i. 227. 

SHAJiGHAi sheep, their fecundity, i. 97. 
Shan ponies, striped, L 58. 

Sheep, disputed origin of, i. 94* early 



I Sidney, 8., on the pedigrees of pigs, ii. 3 ; 

of gestation in thopi^i. 74; produo- 
1 tion of breeds of pigs by intcrcrossinir, 
i. 78, 95; fertility of the pig, it 112; 
efieots of iuterbr^ing on pigs, ii. 12]. 
122 ; on the colours of pigs, ii. 210, 



iu»ujiuw lulu ouier cnaraciers or, i. 95 ; 
sexual characters of, inducwl by domes- 
tication, i. 95, 96; odaptetion of, to cli- 



Biebold, von Carl, o: 



SUene, contal^ccncc in, ii. 166. 
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fowla, L 274; OCC5 
feathen in fowla, 
of the gooee from 
on the fertiUty of 



Df pencilled ; TAiya or a variety of 



he peahen, ii. 

of^8,iL 12 



origin of domee 
Cdwnba gutMo 



} : variations of 



by the p^en, ii. 112 ; breeding of 
Guana in captivity, ii. 156; behaviour 
of grouse in captivity, ibid . : aterility 
of the partridge in captivity, ibid. 

TmiliRlLs in Cucurbitacae, i. 358, u. 816. 

Tekotht, Sir J. E., on tbe gocwc, i. 287 ; 



ii. 277 ; on the Jaffna Aeep, ii. SO! 
Teredo, fertilisation in, ii. 363. 
n. nr.lcgged, ii - 



subject to distemper, ii. 336. 



Tescue , .. 

maize, i. 320. 

TBSSlElt on the period of gestation of tho 



Tetrao, breeding of species of, in captivity, 



ioe of the domestic fowl, 
fs, his notice of tho peach, ii. 



Thteinm. ii. 284. 

Thompsos. Mr., on the peach and neo- 
tnnne, h 342: on tho varieties of the 
apneot, i. 344; olassifloation of varie- 
ttea of cherries, i. 347-348; on the 
‘ Sister rib^n-pippin," i. 350 ; on tho 

foese,i.2M; breedingof Telrao^Hm 
in captivity, ii. 156; destruction of 
blaek-fowls by the oeprev, ii. 230. 

Pn>f- W., on the obliquity of 
the flounder, ii. 53. ^ ' 

Taoaiis, reconversion of, into branches, 
m pear trees, ii. 318. ^ 

Glastonburv- !«u . •e.o , 



i. 46 : on a twin seed of Fucheia one. 
cinea and/aipens, i. 391. 

Tracanrs, experiments in rearing wild 
j one ^ 



Tioe^ rarely fertUo in captivity, ii. 150, 
Ti^Mia eondiiflora, bud-variation in, i. 
Tdh , im^^nce ofl in the production of 



Tnra»AN.v, self-impotence in the potato, 

Tissoes, affinity of, for special organic 
substances, ii. 380. 



destructive to thin-shelled wal- 
nuis, i. 356; attacking nuts, i. 357; 
attacking peas, ii. 231. 

Tobacco, crossing of varieties of, ii. 108 : 



cultivation of in S'. , 

Tobolse, red-coloured cats of, L 47. 

Toes, relative length of, in fowls, i. 
* •- dogs, ii. 



Tollet, Mr., his selection ol 



Tomato, ii. 91. 

Tomtits. See Tiinuee. 
ToNOrE, relaUon of, to the b 



an incisor, ii. h 
“ Tobtschweik.'’ 



) of a molar, in piece of t 



---, . — , — o — penduiou . . 
fastigate or pyramidal, i. 361; 
variegated or changed foliage, ’ 
- ’-‘-. in leaf, i. 362-363 



oi early 

Glastonbury, i, 364. 

TimrSH. asserted reproduction of ti 
taiaus in a, ii. 15. 




Tritium turgidum. 1. 319. 



Tritimm mXgare, wild 
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TRorssEAD, Prof, patliological reeem- 
blance of twins, ii. 252. 

Tkumiotb pigeon, I. 154; known in 

Tsouarneb, H. a. do, graft-bybrid pro- 



ISCHUDI, on uie dbkou x i^uvmu 1 . 

Peruvian tomlw, i. 320, ii. 425. 

Tubers, bud-variation by, i. 884-385. 

Tuokermak, Mr., sterility of Carex rigida, 
il 170. 

Tutted ducks, i. 281. 

Tulips, variability of. i. 370 ; bud-varia- 
tion in, L 385-886; influence of soU in 
“breaking,’’!. 885. 

Tumbler pigeon, i. 150-153 ; short-faced, 
figured, i. 152; skull figured, i. 168; 
lower jaw figured, i. 165 ; scapula and 
furcula figui^, i. 167 ; early known in 
India, i. 207; history of, i. 209; sub- 
breeds of, i. 220; young unable to 
break the egg-shell, ii. 226 ; probable 
farther modification of, ii. 242. 

“TeMMLEB" (pigeons), i. 150, 

Tumours, ovarian, mTurrence of liairs 
and teeth in, ii. 37o ; polypokl origin 

ji:.’’ i. 139. 

... (pigeon), i. 148. 

■JC7, domestic, origin of, i. 292-293 ; 



crest<xl white co^, i. 293 ; ^d, cha- 
racters of, i. 293-294 ; degeneration of, 
in India, i. 294, ii. 278 ; faUure of eggs 
of, in Delhi, ii. 1 61 ; feral on the Parana, 

i. 190 ; change produced in by domesti- 
cation, ii. 262. 

Turkey, striped young pigs in, L 76. 
Turner (pigeon), i. 156. ^ . 

Turner. W., on compensation m arteries 
and veins, il 300; on cells, ii. 370. 
Turnips, origin of. i. 325; reversion in. 

ii. 81 ; run wild, ii. 33 ; crosses of, ii. 
93, 96; Swedish, preferred by h^*s, ii. 
232; acclimatisanon of, in India, u. 



iuriur euraie?isia, stenlo hybrids of, with 
T. vulgaris, i. 193; byorids of, witli 
r.aunV 1 194. 

Turtur vulgaris, crossing of, with tho 
common pigeon, I 193; hybrid ol 
with T. risoWiM, ibid,; sterile hybrids 

rnigniloriue, ibid. 

Tusks of wild and domesticated pigs, i. 
76, 77. 

Tussilago /ar/ara, variegaUd, i. 384. 
Twin-seed of Fuchsia ooccinca and Julgent, 

Tterman, B., on the pigs of the Pacific 
islands, i. 70, ii. 87 ; on tho dogs of the 
Pacific islands, ii. 

Tylor, Mr., on the prohibition of con- 
sanguineous marriages, ii. 122-123. 



Uniformity of character, maintained by 
crossing, ii. 85-9U. 

Units of the body, functional independ- 
ence of the, ii. 368-871. 

Unity or plurality of origin of organisms, 



Use and disuse of parts, effects of. i 
303, 352-353, 418-419; in rabl 
124-128 ; in ducks, I 284-286. 
Utility, considerations ol leading t 
formity, ii. 241. 






Van Beck, Barbaro, a hairy-&ctd woman. 

Van Mons on wild fruit-trees, i. 312, il 
260; production of varieties of the 
vine, 1 . 3.33 ; correlated variability in 

almond-like fruit by peac^-seedUngs, i. 
339. 

Vanessa, species of, not copulating in caj)- 
tivity, il. 157. 

Variabiuty, 1. 4, ii. 371-373, 394-397, 
406-420: causes of. ii. 250-270; corre- 
lated. il 319-338. 358-355. 419-420; 
law of equable, ii. 351-352; necessity 
of, for selection, ii. 192 ; of selected cha- 
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ATIOS, lawb of, ii. 2U3-356; conti- 
ity of.'ii. 241 : i».-8ible limitation of, 
242, 41C-417; ■” A»la i 



igin of ’breoda of ealtle by, 
S; in’osteologicol choractereof tabbit 
i. 115-130; of im|>ortant ( 



unalogous or paiullol. i. 348-352 ; 
horses, i. 55; in the horse and as 
04; in fowls, i. 243-24U; in get» 



L-ach, nectarine, and apricot, i 
; individual, in wheat, i. 314. 
ON of foliage, i. 383, u. 107 



i. 4, iL 411-413; conversion of, into 
species, L 5; abnormal, U. 413; do- 
mestic, gradually pxo<luced, ii. 414. 



Vaset, Mr., on the number of sacral ver- 
tebra in ordinary and bumped cattle, 
{ 70 . AH Hiin^ou Cattle, 1. 80. 

ty of Ranuneultu Jicaria 



and Acorus calamu$, ii. 170. 
Veoetables, cultivated, reversion in, u. 
31-32; European, culture of, in India, 

Vetth, Mr., on breeds of hewses, i. 49. 
Vtrbaicum, intercrossing of spMies of, i. 
336. ii. 93. 10.5-107; reversion in 
hybrids of, i. :m ; mntabescent, wild 
plants of, ii. 165 ; villosUy in, ii. 277. 



5 ; vill^iV in. 

Vtrbatcum blattaria^ iL 105-106. 
Verbageum lycbniti$, ii. 105-106, 136. 
VerbeuCTtm nigrum, ii. 136. 

Verhuirum pf<xniceum, ii. 107, 137 ; vai 



Veri/u$cum tkapew, ii. 



bility of, to mildew, ii. 228, 
scorching of dark, ii. 229, 336 ; c 
of changed conditions of life oi 



le dark-leaved Barberry, i. 



foliage in trees, i. 362 ; production of 
jRosa cu7tnabifolia by bud-\ ariation 
fn»ra R. aUxi, 1 881 ; bud-variation in 
Aralia trifdiala, i.382; variegation of 
leaves, L 383 ; colours of tulips, i. 386 ; 
uncertainty of inheritance, U. 18 ; per- 
sistency of white flowers, ii. 20 ; peloric 
flowers of Xnnorta, iL 58 ; tendency of 
striped flowers to uniformity of colour, 
ii. 70; non-intcrcroBsing of certain 
allied plants, il 91 ; sterility of Pri- 
mote with coloured calyces, ii. 166 ; 
on fertile proliferous flowers, ibid . ; on 



the Irish yew, ii. 241 ; differences in 
the Camellia, ii. 251 ; effect of soil on 
tlio variegated strawberr)-, iL 274; 
correlated variability in plants, ii. 330. 

Vkktebrai, characters of, in rabbits, i. 
120-122 ; in ducks, i. 283-284 ; number 
and variotious of, in pigeons,!. 165-166 ; 
number and characters of, in fowls, i. 
266-268: variability of number of, iu the 



Vertich, see Putscho. 

-Vekuoas,” ii.270. 

VBSPLcrcs, early cultivation in Brazil, i. 



tendril in, ii. 392. 

Vicunas, selection of, ii. 207. 

ViLLOSiTT of plants, influenced by dry- 



cultivation of the wild carrot, 
i. 326, ii. 217: colours of tulips, i. 386 ; 
uncertainty of inheritance in balsams 

dwarf varieties of calabriea 

and Tageiei si^nata, ii. 20; reversion of 
flowers oy strijKS and blotches, ii. 37 ; 



Vinca minor, sterility in, iL 170. 

Vine, L 332-334 ; parsley-leaved, rever- 
sion of, i^ 382 ; gmft-bybrid produceii 
by inosculation m the, i. 395 ; disease 



228; iufiueu 

ties of the, u. 278 ; dimi 



tisation of the, in the West Indies, iL 
313. 

Viola, sp 



Viola lutea, different oolomred flowei 



Viola tricolor, reversion in, ii. 81, 47. 
Virchow. Prof, blindness occurring 
the offiipring ' " 



on the growth of bones, 
«i, on cellular prolificatioD, iL 
lependence of tlie elements of 
r, li. 3(^ ; on the coil-theory, ii. 



Vi«oN,horoditary pwuUarities < 

2 I 2 
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